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Expanding aircraft performance creates new problems in protect- 
ing electronic equipment under extreme altitude and ambient 
conditions. Eastern’s long experience in the field helps you to 
recommend electronic gear with confidence that performance will 
be reliable at temperatures from — 55°C to +-55°C; from zero to 
over 70,000 feet. 


Cooling Units, with or without refrigeration cycles, provide safe . ee 


operating temperature limits in electronic equipment. Pressuriza- "aes 
tion Units that meet government specifications maintain proper 
operating pressures at various altitudes, and utilize dehydrators REFRIGERATION COOLING UNIT 


that remove moisture and dust from ambient air. A program 
of research and development continually expands perform- 

: ance ranges to provide customized units to meet your needs. 
When your problem is to make your electronic equipment 
perform efficiently under tough conditions, meet the challenge 
by asking Eastern for complete and creative engineering help 


Write for Eastern 
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An illustration from one of the many exclusive technical articles in 
this special issue depicts a nuclear interplanetary vehicle and its 
guidance companion (right). The manned spacecraft, consisting of a 
large cross-shaped gondola (shape dictated by directional thrust control 
requirements) towed by a nuclear-heated power plant, can be set in 
rotation to provide centrifugal weight for the crew during months- 

long coasting. The guidance companion, also nuclear powered, takes 
position fixes and transmits optical observations and navigational data 
to the manned craft. The drawing, from Krafft A. Ehricke’s paper 
“Our Philosophy of Space Missions” (p. 38), is by John Sentovic, 

of Convair, A Division of General Dynamics Corporation. 
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Photo shows test of a missile guidance system under simulated flight conditions at Bendix Research Laboratories Division. 
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BENDIX “FLIES” MISSILES IN THE LAB— 
SAVES YEARS OF TIME AND MILLIONS OF DOLLARS 


Missiles cost big money—there’s no avoid- 
ing that fact. But Bendix research has 
helped shorten development and produc- 
tion time and has saved millions by 
designing several specialized devices 
called Missile Flight Simulators for 
advanced scientific testing. 

It not only takes a lot of time to test a 
missile by actual firing, but it is wasteful 
to fire without having previously evalu- 
ated every phase of engineering design to 
minimize failure of these unbelievably 
complex space vehicles. Thus in deter- 
mining guidance system performance, 
for example, as many as 200 “‘ground 
flights’ can be made in a day on Bendix 
Missile Simulators. Every reaction of the 
system is recorded on tape so that experts 
can study instant-by-instant performance 


A thousand products 
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under varying conditions. Missile speed, 
space orientation, wind characteristics, 
range and speed of the target are simu- 
lated and related mathematically within 
analog and digital computers to provide 
realistic flight conditions. 

Research and development are among 
the many important activities of Bendix in 
the missile field. In addition, Bendix has 
engineered, developed and manufac- 
tured many of the major systems used in 
key missiles as indicated in the illustra- 
tion at the right. Bendix also builds the 
surface-to-air Talos missile for the U. S. 
Navy. It will be the major armament 
of the U. S. cruiser ‘‘Galveston’”’ and will 
also be installed on a number of other 
cruisers including the nuclear powered 
“Long Beach’. 


GROUND SUPPORT 


LAUNCHERS 
RADAR 
COMMUNICATIONS 
~ COMPUTERS 
TELEMETERING 


Bendix furnishes major elements 
for missiles of all types. This illus- 
tration represents no particular mis- 
sile, but shows the general location 
of various airborne Bendix systems 
and their components. In addition, 
Bendix produces the Ground Sup- 
port systems indicated above. 
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We hope you like your magazine's new name. 
Many months of planning went into the change. 
For details see page 21. 


SOME 100 HIGH LEVEL officials - IAS Corporate Member Representatives and 
the Aircraft Industries Association Missiles Committee - attended a two-day 
Secretconference at Patrick AFB and Cape Canaveral last month, at the invita- 
tion of Major General Donald N. Yates, Commander, Air Force Missile Test 
Center. Details about the field trip will be carried in the June issue. 


PRINCIPAL SPEAKER at the IAS National 
Summer Meeting, July 8-11, will be H. 
Guyford Stever, Chairman, NACA Special 
Committee onSpace Technology. Dr. Stever 
will speak on '''A Space Technology Pro- 
gram for America" at a banquet-dance on 
July 10. The technical program will stress 
balanced sessions on aircraft,missiles and 
space subjects. Technical sessions will be 
held at the Ambassador Hotel,Los Angeles. 


NATIONAL MEETINGS CALENDAR 


May 12-14 National Midwestern Meeting on Guided Missiles (CLASSIFIED), 
Hotel Chase, St. Louis, Mo. 


May 12-14 National Conference on Aeronautical Electronics, Dayton, Ohio. 
IRE-IAS participating. 
June 2-4 National Telemetering Conference, Lord Baltimore Hotel, Balti- 


; more, Md. Sponsored by IAS, ARS, ISA, and AIEE, 
June 19-20 1958 Heat Transfer and Fluid Mechanics Institute, University of 
California, Berkeley, Cosponsored by IAS. 
July 8-11 National Summer Meeting, Ambassador Hotel, Los Angeles, Calif. 


Sept. 8-13 First International Congress, International Council of the Aero- 
nautical Sciences. Headquarters at the Palace Hotel, Madrid, 
Spain. 
Oct. 7-8 Canadian Aeronautical Institute-IAS 1958 Joint Meeting, Chateau 
Laurier, Ottawa, Canada. 
Dec. 17 Wright Brothers Lecture, Washington, D. C. 
41959 


Jan. 26-29 Twenty -Seventh Annual Meeting, Sheraton-Astor Hotel, New York. 
Honors Night Dinner, Tuesday, January 27. 
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THE INSTITUTE MOURNS the loss of three of its members: Major James H. 
Doolittle, Jr., (A), 38, who died April 9; Raymond T. Lewis (M), who died 
March 31; and Lt. Robert K. Hughson (A), killed in a T-33 crash at Laredo 
AFB on February 24. Major Doolittle was the son of James H. Doolittle (HF), 
IAS 1940 President. Mr. Lewis had been Manager, Commercial Engine Sales, 
General Electric Company, Aircraft Gas Turbine Division. 


May 1-3 
May 6 


May 7-9 


May 10 
May 13 


May 13 


May 14 


May 15 


May 16 


May 17 
May 20 


May 23 


May 25 


May 27 


Middle-Atlantic: 


REGIONAL STUDENT CONFERENCES 


Pennsylvania State University, University Park, 
Pennsylvania. 


Detroit: University of Michigan, Ann Arbor, Michigan. 
by Detroit Section. 


Sponsored 


West Coast: 
Section. 


Los Angeles, California. Sponsored by Los Angeles 


SECTION MEETINGS CALENDAR 


San Diego Section: Spring Dance, IAS Building, 8 p.m. 

Los AngelesSection: Specialist Meeting, IAS Building, 8 p.m. ''Space 
Flight Mechanics" by R. W. Buckheim. 

Washington Section: Dinner Meeting, Occidental Restaurant. (Social 
at 6, dinner at 6:45). "History of Aviation" by Paul E. Garber. 
Texas Section: Specialist Meeting (CLASSIFIED), Arlington State 
College, 8 p.m. ''High Speed Escape Systems Stability"’ by Ernest 
Kistler. 

Los Angeles Section: Dinner Meeting, IAS Building. (Social at 6, 
dinner at 7). ''Airlift - A Discussion of Air Logistic Transportation" 
by L. T. Peyton. 

San Antonio Section: Dinner Meeting (commemoration of Armed For- 
ces Day), Kelly AFB Officers Club. (Social at 6:30, dinner at 7:30). 
"The History, Importance and Future of ICBMs" by K. J. Bossart. 
Rocky Mountain Section: Dinner Dance, Glenn Miller Ballroom, Uni- 
versity of Colorado, 7 p.m. 

San Diego Section: Panel Discussion, IAS Building, 8 p.m. 
Speed Wind Tunnels", W. T. MacCarthy, Moderator. 

Texas Section: Dinner Meeting, Western Hills Inn. (Social at 7, 
dinner at 8). ''The Development of Our Space Capability'' by Krafft 
Ehricke. 

New York Section: Afternoon Picnic Meeting, Dynamic Development 
Corporation, Babylon, L.I. Staff engineers of this firm will describe 
principles of hydrofoil boats and present a demonstration. 

Los Angeles Section: Specialist Meeting, IAS Building, 8 p.m. "Ex- 
perimental Investigation of Supersonic Laminar Boundary Layer Sta- 
bility in Transition'"' by John Laufer. 
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News 


. . arecord of people and events of interest to Institute Members 
* 


New Packaging for the 


Aeronautical Engineering Review 


N. need to belabor the point here 
that the interests of the Institute, in general, and 
those of the Aeronautical Engineering Review, in 
particular, have long since been extended far 
beyond the boundaries originally conceived by 
their founders. Evolutionary processes have 
been at work and have lately gained new impetus. 
In a very short period of time, one of man’s 
greatest dreams, space exploration, has become 
reality. 

Many years before Sputnik I appeared over the 
horizon, Institute members in Institute meetings 
were discussing the possibilities of flight outside 
the limits of the earth’s atmosphere. As was 
pointed out editorially in the December, 1957, 
Review, the Institute's concern with the basic 
considerations for hypersonic, extraterrestrial 
flight is long-standing, and the data on which 
design for current missiles and space vehicles 
were predicated were, in many cases, presented 
first in IAS meetings and in IAS publications. 

Looking back over past volumes of the Aero- 
nautical Engineering Review, it has been increas- 
ingly evident that the subject matter covered has 
trended away from the areas originally implicit in 
the magazine’s title. With the accelerating tempo 
of space exploration as recognized by the President 
in his recent message to Congress, there was little 
doubt that an increasing percentage of content of 
the Review would be devoted to problems of space 
technology. 

With these facts in mind, an intensive search 


was made for new and more appropriate labels 
for your magazine. Some months ago staff 
studies were presented to the Executive Com- 
mittee of the Council, and it was agreed that 
the time had come to change the name of the 
Review to bring it more nearly into line with its 
actual content. After a long process of trial, 
error, and experimentation, the title that appears 
for the first time on this issue was chosen. It will 
be recognized that the new wording not only 
points up the extension of our interests into the 
areas beyond the earth’s atmosphere, but also 
recognizes that basic aeronautical engineering is 
still, and will continue to be, a very important 
part of our coverage. A large part of our industry 
will be vitally concerned with air-breathers with 
wings for many years to come and must not be 
neglected for the more glamorous requirements of 
space travelers. Also the subtitle is consistent 
with the original concept of the magazine, a 
Review of the important new technological trends 
in all fields of interest to Institute members. 


Finally, no radical changes in editorial policies . 


are contemplated under the new title. We will, 
with the help of our editorial committees, do our 
best to sense the trends of interest of our mem- 
bers. We will then strive to meet their require- 
ments for information essential to them in their 
professional lives. As we have said before, 
through these pages the Institute will continue to 
serve the best interests of its membership “‘at all 
altitudes from Zero to Infinity.” 


DIRECTOR 
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LMEE fire control systems put lethal talons in the F-104’s 
offensive power ...can assist the pilot of such supersonic 
aircraft to detect, pinpoint, track and destroy an attacking 


aircraft. LMEE fire control systems can be integrated with Ren 
navigation and flight contro! systems, electronic counter- ress Is Our ae 


d pilot displays. > Fire control systems a 
the peace. > > For brochure...‘Meeting the Challenge 


of Jet Age Defense”... Write Dept. 1E. LIGHT MILITARY ELECTRONIC EQUIPMENT DEPARTMENT 
FRENCH ROAD, UTICA, NEW YORK 


IN THE DEFENSE ELECTRONICS DIVISION 
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Equipment Displays, 16 Sessions 


Set for Telemetering Conference 


Nine Nations, Including Russia, to Participate 


A PROGRAM of 16 technical sessions has been announced for the 1958 
National Telemetering Conference, June 2-4, at the Lord Baltimore Hotel, 
Baltimore, Md. The conference is sponsored by the IAS, ARS, ISA, and AIEE. 


Nations contributing technical 
papers include: the United States, 
France, Canada, Sweden, Switzer- 
land, Australia, Italy, Great Britain, 
and Russia—the latter participating 
in the IGY II session. 

Principal speaker at a banquet on 
June 3 will be Adm. Blinn Van Mater, 
USN (Ret.); he will discuss ‘‘Tele- 
metering in the IGY.”’ 

General Earle Cook, Director, U.S. 
Army Signal Engineering Laborato- 
ries, will discuss ‘‘Telemetering Re- 
quirements of the U.S. Army” at a 
luncheon on June 2. 


Sessions 


The following sessions have been 
scheduled: 

Monday, June 2—morning: Indus- 
trial Telemetering I, W. E. Rufleth, 
The Bristol Company, Chairman; 
Pickups, W. Wildhack, National Bu- 
reau of Standards, Chairman; Mobile 
Airborne I, G. P. Stout, Aeronca 
Manufacturing Corporation, Chair- 
man. 

Afternoon: Industrial Telemeter- 
ing II, W. E. Phillips, Leeds & North- 
rup Co., Chairman; Medical, Lt. 
Comdr. B. Halstead, USN (MC), 
Bethesda Naval Hospital, Chairman; 
Mobile Airborne II, J. P. Randolph, 


Applied Physics Laboratory, Johns 
Hopkins University, Chairman. 

Tuesday, June 3—morning: IGY 
I, H. Odishaw, National Academy of 
Sciences, Chairman; Data Processing 
I, Ken Uglow, Ken Uglow, Inc., 
Chairman. 

Afternoon: YUGY II, Admiral Gor- 
don Caswell, USN (Ret.), Chairman; 
Data Processing II, A. Gruer, Sandia 
Corporation, Chairman. 

Wednesday, June 4—morning: 
Transistors, F. Coker, United Elec- 
trodynamics, Chairman; Mobile Sys- 
tems I, K. E. V. Willis, British Joint 
Services Mission, Chairman; Mobile 
Ground, W. J. Mayo-Wells, Con- 
sultant, Chairman. 

Afternoon: System Problems, panel 
discussion, L. Gardenhire, Radiation, 
Inc., Chairman; Mobile Systems II, 
L. Clark, Tele-Dynamics, Inc., Chair- 
man. 

A classified session (no title avail- 
able) has been scheduled for Thurs- 
day morning. R. Colander, Bendix 
Pacific Division, is Chairman. 


Field Trips 


A visit to the Applied Physics Lab- 
oratory, Johns Hopkins University, 
has been scheduled for the afternoon 
of June 3. The Terrier and Talos 


Conference planners have scheduled a field trip on June 4 to the Aberdeen 
Proving Ground's Ballistic Research Laboratory where the Mach 5, flexible 


nozzle, 13- 


by 15-in. wind tunnel, IGY rockets, and ordnance museum will be 


visited. The tunnel is shown with its side wall removed. Flexible plates are 
positioned by means of jacks operated hydraulically. 
shown installed in the test section. 


A calibration device is 
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missiles and the telemetering ground 
station used for checking and experi- 


mental work will be seen. 
is limited to 75 persons. 

Another trip on the evening of June 
4 will be to The Martin Company’s 
extensive flight test telemeter receiving 
and data processing facility. This 
is limited to 150. 

An all-day visit is scheduled on 
June 4 to the Aberdeen Proving 
Ground’s Ballistic Research Labora- 
tory (see photo caption). This is 
limited to 120. 

The banquet on Tuesday evening 
will be limited to 550. 

Leading telemetering manufactur- 
ers will show and demonstrate their 
latest equipment. Many exhibits will 
tie in with technical papers, providing 
an opportunity both to see the equip- 
ment and to hear how it is used. 

Registration facilities will be open 
on Sunday, June 1. 


This trip 


+ + + 


Four |.A.S. Members 
on NACA Subcommittees 


Four IAS members at California Insti- 
tute of Technology have been named to 
subcommittees of the National Advisory 
Committee for Aeronautics for 1958. 

The members and their appointments 
are Lester Lees (AF), Professor, Aeronau- 
tical Engineering, Guggenheim Aeronau- 
tical Laboratory—fluid mechanics; Hans 
W. Liepmann (F), Professor, Aeronautical 
Engineering, C.I.T.—fluid mechanics; 
Clark B. Millikan (HF), Director, Gug- 
genheim Lab. and Southern California 
Cooperative Wind Tunnel—high-speed 
aerodynamics (Chairman); and E. E. 
Sechler, Professor, Aeronautical Engineer- 
ing, C.I.T.—aircraft. 


Professor Ackeret 
Honored 


A March 17 ceremony in 
Zurich, Switzerland, honored 
Prof. Jacob Ackeret (HF), on 
his sixtieth birthday. Dr. 
Ackeret, head of the Institute 
of Aerodynamics at the Fed- 
eral Technical Institute of 
Zurich, was given the plates of 
the Title Page and List of 
Contents of a special issue of 
The Journal of Applied Mathe- 
matics and Physics (ZAMP). 
The issue, Volume 9-b, con- 
tains about 700 pages and 
consists of original papers writ- 
ten especially for the com- 
memorative issue by Dr. Ack- 
eret’s former students. 
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hee sword must 
| withstand a solid blow 
ona smith’s anville 


by a stout man...* 


*From Armourer’s specifications, 1450, 


* tant to Advance Gear as it was 


‘to the swordsmith of old... 


«. . But our testing methods are 
vastly changed... Advance 
Gear’s new testing laboratory has 
no equal in equipment or scope 
of testing technique, another 
reason you can expect perfection 
from Advance Gear. 


A section of Advance Gear’s 
testing laboratory. Gear systems 
for the Bomarc missile are tested 
here before delivery to Boeing. 


WRITE FOR FREE ADVANCE GEAR FACILITIES BROCHURE 


ADVANCE GEAR AND MACHINE CORP. 
5851 HOLMES AVE. » LOS ANGELES 1, CALIFORNIA 
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1AS News 


News of Members 


Harold E. Francis (M), former Assistant 
Chief Engineer, Wright Aeronautical 
Division of Curtiss-Wright Corporation, 
has been named Senior Staff Engineer, 
Chandler-Evans Division of Pratt & 
Whitney Co. 

John Grosvenor (M) has joined the 
Guided Missile Research Division, The 
Ramo-Wooldridge Corporation, and will 
work mainly on test direction at the rocket 
test site, Edwards AFB, Calif. He for- 
merly was Assistant Project Engineer, 
Flight Test Engineering, Wright Aero- 
nautical Division, Curtiss-Wright Corpora- 
tion. 

Alan R. Gruber (M), formerly Manager, 
Engineering Department and a Director, 
Nuclear Development Corporation of 
America, has joined Marquardt Aircraft 
Company Astro Division as Assistant 
Chief Engineer in charge of nuclear sys- 
tems research. 

Paul E. Hovgard (F), formerly Vice- 
President, Kellett Aircraft Corporation, 


1AS News 


has been named Assistant to the President, 
Helio Aircraft Corporation. Mr. Hov- 
gard will make his headquarters in Pitts- 
burg, Kan., where the Helio Courier is 
manufactured. 


Hilliard W. Paige (M), formerly Man- 
ager, Nose Cone Systems and Projects, 
Missile and Ordnance Systems Depart- 
ment, has been appointed Manager, Nose 
Cone Section. 


E. Allan Williford (M) has announced 
that he will retire as President of Link 
Aviation, Inc. He will continue as a 
member of the firm’s Board of Directors. 


William W. Willmarth (A), Senior Re- 
search Fellow, California Institute of Tech- 
nology and Consultant to The RAND 
Corporation, has been appointed Asso- 
ciate Professor of Aeronautical Engineer- 
ing, University of Michigan, for the period 
March 1, 1958, to the end of the 1960-1961 
academic year. 


Corporate Member News 


e Aerojet-General Corporation has an- 
nounced a new research rocket, the Aero- 
bee 100, which was flight tested by the 
Navy recently. Aerojet says it was de- 
veloped with company funds to fill the 
need for a medium-performance, easy-to- 
operate, inexpensive rocket (50 to 100 
miles altitude) for upper atmosphere re- 
search, 

@ Aeronca Manufacturing Corporation has 
developed a series of digital data handling 
devices said to be so modularized that 
combined functions can be performed by 
assembly of a series of modules: arabic to 
digital conversion, conversion of any bi- 
nary code to any other binary code, digital 
comparison — of voltage tolerance, and 
digital to arabic conversion. 

Aeroquip Corporation has announced 
the appointment of Lawrence L. Jacobs as 
Plant Manager of its Elbeeco Division. . . . 
Laurance S. Haynes, Jr., has been named 
Eastern Manager, General Logistics Sales. 
@ Allis-Chalmers Manufacturing Com- 
pany has announced the appointment of 
E. F. Greiwe as Manager, Norwood Works 
Centrifugal Pump Department. 

* Allison Division, General Motors Cor- 
poration, has formed a ten-man scientific 
Advisory Committee headed by Theodore 
von Karman, Chairman of AGARD. 
Other members of the committee include 
Lawrence R. Hafstad, Vice-President in 
charge of the GM Research Staff; Luigi 
Crocco, Director, Guggenheim Jet Pro- 
pulsion Center, Princeton University; 
John R. Markham, Professor, Aeronau- 


tical Engineering, M.I.T.; Courtland 
Perkins, Chairman, Aeronautical Engi- 
neering Department, Princeton; William 
R. Sears, Director, Graduate School of 
Aeronautical Engineering, Cornell Uni- 
versity; Maurice J. Zucrow, Professor, 
Gas Turbines and Jet Propulsion, Purdue 
University; Pol Duwez and W. Duncan 


Edwin A. Link (AF), Chairman of the 
Board, Link Aviation, Inc., has been 
elected President of General Precision 
Equipment Corporation. He resigned as 
Vice-Chai of | Precision’s Board 
to assume his new position. Link Aviation 
is a subsidiary of General Precision. 


Rennie, Professors of Mechanical Engi- 
neering, C.I.T.; and Antonio Ferri, Pro- 
fessor, Aerodynamics, and Head, Aero- 
dynamics Laboratory, Polytechnic Insti- 
tute of Brooklyn. 


e American Airlines, Inc., has announced 
the election of three Executive Vice- 
Presidents: Charles A. Rheinstrom— 
Sales; O. M. Mosier—Operations; and 
William J. Hogan—Finance and Plan- 
ning. 


e Bell Aircraft Corporation has announced 
that all Buffalo and Niagara Frontier 
defense products activities will be oper- 
ated by a newly established autonomous 
unit to be called Bell’s Niagara Frontier 
Division. Ray P. Whitman, first Vice- 
President, will be General Manager. 
(Continued on page 150) 


General Electric Company's T-58 aircraft gas turbine in the cutaway view recently 
passed its 150-hour model test. The engine is said to have produced 1,065 
military h.p. and to have bettered the military performance guarantee of 0.66 
s.f.c. The engine weighs 325 Ibs. and measures 59 in. in length and 16 in. in’ 


diameter. 
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SERVO-SYSTEMS 


SARGENT 
FACILITIES 


Research 
Design 


Development 
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FORCE CONTROL 


With 38 years acceptance Sargent builds precision linear and 
rotary hydraulic, pneumatic, mechanical and electronic systems 
of force control to meet successfully the increasingly high require- 
ments of marine, aircraft, missile, petroleum and industrial use. 
From original idea to finished product -SARGENT. 


Manufacturing 


including — 


Machining & Grinding 
Heat Treating, all types 
Plating, all types 


Inspection 
Assembly 


“GOOD WILL” is the disposition of 


the pleased customer to return to the 
place where he has been well treated. 


— U.S. Supreme Court 
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DATELIN 


Detailed Data Disclosed 
on U.S.S.R.’s IL-18 Transport 


@A Russian publication has recently 
contained detailed information on the 
Il-18, one of the new Soviet four-engine, 
turboprop transports. The II-18, named 
the ‘‘Moskva’’ by the Soviets, is a 
product of the Ilyushin design group. 
It was first displayed in July, 1957, at 
Moscow/Vnukovo Airfield. 

The Russians claim that, with a 
cruising speed of 350 knots at 26,000 
ft., the Il-18 will carry 30,800 Ibs. of 
payload for 1,200 nautical miles. Also, 
at an unspecified but reduced payload, 
the aircraft will fly 3,100 nautical 
miles. Further, it is claimed that the 
take-off run at a maximum gross weight 
of 127,900 Ibs. is only 2,300 to 2,450 
ft., and the normal landing roll is 1,650 
to 1,950 ft. 

The prototype of the II-18 is powered 
by four NK-4 turboprop engines of 
4,000 e.s.hp. each, reportedly designed 
by N. D. Kuznetzov. The engines are 
enclosed in narrow nacelles which are 
positioned slightly above the wing. It 
is stated that titanium is used around 
the exhaust pipes and other hot portions 
of the engines. The propellers on the 
Il-18 are four-bladed and reportedly 
are reversible, full-feathering, and con- 
stant-speed. It is claimed that the 
feathering mechanism employed when 
an engine stops in flight is automatic 
if the engine is operating at more than 
90 per cent power. A built-in lock 
firmly positions the propellers to pre- 
vent rotation by the wind when the 
aircraft is on the ground. 

The article states that the II-18 has 
a trapezoid-shaped wing made up of 
a center panel and detachable tips. 
The span is 122.7 ft. The center panel 
(72 ft. long) has three spars; carries the 
engine nacelles, main landing gear, and 
flaps; and is mounted low on the fuse- 
lage. 

The description indicates that the 
fuselage is of conventional monocoque 
construction and is pressurized. The 
forward section contains the crew 
area, the wardrobe, baggage, lavatory, 
buffet-galley, and the forward passenger 
cabin. The maximum height of the 
passenger cabin is given as 6.6 ft.; the 
aisle is 1.6 ft. wide; and there are 15 
circular windows, with a diameter of 
16 in., on each side of the fuselage. 


i ld PROFESSIONAL NOTES AND REPORTS 


= Engineering and Scientific Briefs from Correspondents Around the Globe 


The forward passenger compartment 
contains two rows of 5-abreast seats, 
and the main cabin contains 13 rows of 
5-abreast seats. It is claimed that each 
seat weighs only 17.6 lbs. and that they 
were specially developed by the Ilyushin 
Design Bureau. 

The crew is made up of five men—a 
captain and copilot, who are stationed 
in conventional positions; a navigator 
who sits behind the captain; and a 
radio operator who sits behind the co- 
pilot. The flight engineer occupies a 
removable seat located in the aisle be- 
tween the pilots. 

A detailed description of the other 
compartments in the fuselage is given. 
Their construction appears to be con- 
ventional. There is a section 9.7 ft. 
long immediately behind the crew com- 
partment which contains a baggage 
hold (247 cu.ft.), a lavatory, and a crew 
wardrobe. The buffet-galley is located 
aft of the front passenger cabin, and the 
passenger comfort area is aft of the main 
passenger compartment. It contains 
a wardrobe, lavatories, and the main 
entrance door. Another baggage com- 
partment is behind this area. 

The II-18, according to Aeroflot, has 
excellent rough-field operating charac- 
teristics; this is attributed to the wide 
main gear tread (29.5 ft.), multiple 
wheels, and low landing and take-off 
speeds. The main landing gear retracts 
into wells in the inboard engine nacelles, 
and the nose gear retracts forward into 
the fuselage. The weight and drag of 
the nose gear facilitate its lowering. ~ 

It is stated that the II-18 uses both 
a.c. and d.c. power, d.c. being supplied 
by eight generators which also suppos- 
edly act as starters. The a.c. current is 
supposedly 400 cycles and is furnished 
by single-phase 115-volt generators. 
Energy for deicing the canopy glass and 
propeller blades is from the a.c. system. 

According to the article, there are 
deicing systems for the wing, empennage, 
propeller, and propeller hub. These 
systems are cut off automatically if any 
part of the deiced surfaces becomes 
overheated. Light signals facilitate the 
monitoring of these systems. 

The pressurization system is appar- 
ently conventional. It is claimed that 
sea-level pressure is maintained in the 
cabin up to an altitude of 16,400 ft., 
and at 32,800 ft., the cabin pressure is 
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7,870 ft. An air-conditioning system is 
installed in the Il-18 to maintain a 
comfortable cabin temperature. This 
system uses a turbocooler which receives 
compressed air from the engine. 

It is stated that the control surfaces 
are not powered but are mass balanced, 
with aerodynamic compensators in- 
stalled on the ailerons. The nose gear 
is steerable and is controlled by a star 
knob in the cockpit. 

Equipment, it is said, is operated by 
both electrical and hydraulic power. 
The landing-gear retraction system is 
hydraulically operated, as are the nose- 
gear steering, the braking system, and 
the windshield wipers. Hydraulic-sys- 
tem pressure is reportedly 3,000 psi. 


Molecular Weights Found 
Through Use of Gamma Rays 


@ It is reported that Japanese research- 
ers have been able to use the results of 
gamma-ray irradiation on macromolec- 
ular compounds as a means of determin- 
ing molecular weights, an operation 
which in the past had been extremely 
difficult. The work was done in Negoya 
at the Government Industrial Research 
Institute of the Agency of Industrial 
Science and Technology. If the report 
is valid, gamma irradiation can be used 
to determine the “exact molecular 
weights’”’ of such compounds as Teflon 
and Kel-F. 

The effects of irradiation can be re- 
ated to the alteration observed in such 
properties as amount of crystallinity, 
transition heat, specific heat, specific 
volume, tensile strength, and—by inter- 
polation and/or extrapolation—can be 
used as a calibration of the substance 
under examination. 

Determination of the exact molecular 
weight of such macromolecules would 
permit more accurate control of poly- 
merization, thus producing a definite 
and purer polymeric compound. This 
control would determine and improve 
the physical, chemical, and mechanical 
properties of the polymer. 

The data available are not sufficient 
to permit complete evaluation of the 
report at present. However, it is known 
that irradiation does cause chemical and 
physical changes in many materials, 
particularly such organic compounds as 
polymers. 
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GUEST EDITORIAL 


By L. V. Berkner 
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The Challenge Here— NOW 


A: THE BEGINNING of the century, man would scarcely have coupled the 
successful demonstration of practical radio by Marconi with the first flight 
of the Wright brothers at Kitty Hawk on December 17, 1903. Yet, these 
two seemingly unconnected lines of development were soon to conjoin to 
produce the most powerful development of our time—the conquest of the 
air and the space around us. Within 10 years of Kitty Hawk, men like Hap 
Arnold were bringing radio and flight together. Thus began a half century 
of striking development during which electronics has become the eyes and 
ears—and in fact the central nervous system—of flight in all its forms. 
Today useful flight operations in the atmosphere and above would be quite 
impossible without the control and information that electronics can provide. 

The vital interdependence of these lines of technology —initially unrelated 

in generating so major a consequence as space conquest illustrates a 
fundamental lesson that no nation can afford to miss. Certainly, Ben 
Franklin could not have imagined, as he drew a spark from the string of his 
kite, that he was founding a science that would underlie man’s conquest of 
space. When Michael Faraday noticed the effects of electric currents on a 
compass, he could only hope that it was an idea ‘‘from which some day man 
could collect taxes.’’ The realization of electrical self-induction by Joseph 
Henry, the mathematical formulation of electromagnetism by Clerk Max- 
well, and the demonstration of electromagnetic waves by Heinrich Hertz 
could not possibly be related to man’s conquest of space by their brilliant 
progenitors. Fortunately, the growth of man’s ability to ferret out and to 
understand the secrets of nature was not governed in the early days by the 
need to “relate research to requirements,” or the genius of men like these 
might have been diverted to the invention of better sails for sailing ships, 
rather than to the generation of the powerful ideas that have had such 
persuasive influence on our time. 

Out of seemingly unrelated researches have been constructed the magnifi- 
cent foundations for the control of flight. Following rudimentary air-ground 
communications of the 1920’s, a few able men were able to see that useful 
flight must depend on the potentialities of communications, navigation, and 
control that electronics could offer. The penetrating imagination of Hara- 
den Pratt in devising the radio range in 1927 provided the opportunity for 
youngsters like Bill Jackson and me to demonstrate its capability on the 
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original Hadley-Belle-Fonte-Cleveland airway. The 
invention of radar by Merle Tuve in 1925 (incident- 
ally, again for the unrelated purpose of detecting the 
ionosphere) and the successful demonstration of UHF 
in the early 1930's contributed to the immense influence 
that electronics was to exercise on the character of flight 
during World War II. But the whole of this technolog- 
ical explosion grew out of the simple unrelated re- 
searches of the last century that had as their only 
purpose the clear understanding of obscure natural 
phenomena. 


For a nation that would be strong, the conclusions to 
be drawn are abundantly clear. First, the most impor- 
tant researches with the most significant consequences 
can rarely be related to “‘requirements.” Such re- 
searches arise from curiosity about some unresolved 
phenomena of nature and from a means of obtaining 
quantitative and objective information about these 
phenomena. They arise from the human desire to as- 
sociate the diverse elements of nature’s behavior in an 
orderly and definable way. Therefore, our national 
research policy must, above all, encourage and support 
men who are willing and able to ask the most funda- 
mental questions and seek their answers in an orderly 
way without regard to “requirements.” 


Second, the gestation time of the really important 
researches is of the order of a half century from the first 
observation of fundamental truths to the realization 
of the emergent technology. This is so long as to be 
almost wholly unrelated to the investment cycle of our 
economic system. Consequently, there is no alterna- 
tive to sources of research support that do not depend 
upon the immediate profit motive. In spite of the 
magnificent contributions to the advancement of 
knowledge by our industrial laboratories, the growing 
cost and complexity of research that cannot be justi- 
fied by profits foreseeable in the immediate economic 
cycle make necessary large-scale Government support. 
Inevitably, costly tools and group effort must be pro- 
vided if we are to ask of nature some of the most obvious 
questions that may lead to the most productive tech- 
nology. In view of our present tax structure, only 
governments can now provide this support on an ade- 
quate scale. Such action is wholly justified by the long- 
term quality of investment in research and the general 
benefits to all that emerge from such an investment. 


In contemplating the future of space research, we, 
like Ben Franklin, are helpless to predict where it will 
lead or what profitable technology will ultimately 
emerge. But the challenge that nature offers, and that 
now lies within our grasp, cannot be ignored, for re- 
peated experience has clearly shown that it must in- 
evitably produce great benefits for mankind. As a 
nation we must seize this new opportunity to exploit 
the secrets of nature to which there are already abun- 
dant clues. The tools of observation are now within our 
reach; we need only the determination and the imagina- 


tion to follow through. And when have we ever lacked 
for either? 


L. V. Berkner is President of Associ- 
ated Universities, Inc., an educational 
institution sponsored by nine leading 
universities. Its activities include opera- 
tion of the Brookhaven National Lab- 
oratory and the National Radio Astron- 
omy Observatory. Dr. Berkner is 
active in organizations of international 
scientific activity as President of the 
International Council of Scientific 
Unions and President of the Interna- 
tional Scientific Radio Union, as well 
as Vice-President of the Special Com- 
mittee for the International Geophys- 
ical Year and IGY Reporter for Rockets 
and Satellites. 
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The possible effects of dissociation and ionization behind strong 


shock waves on stability and guidance of hypersonic vehicles are discussed. 
The requirements for dynamic and static stability for certain classes 
of hypervelocity atmospheric entry bodies are described, using examples. 
A hypervelocity glide vehicle configuralion is presented as an 
illustration of possible future airframe configurations. 


Hypersonic Aerodynamic Factors in 


SYMBOLS 
a = semimajor axis of ellipse (see Fig. 2) 
A = reference area for coefficients (base area for bodies) 
b = semiminor axis of ellipse (see Fig. 2) 
Cp = drag coefficient 
C, = lift coefficient 
Cra = dC,/da 
Cy = pitching moment coefficient 


= dCy/da 

= dCy/d(gl/V) 

dCy/d(al/ V) 

Cy = normal force coefficient 

= drag force 

g = acceleration due to gravity 

1 = static stability parameter (see Fig. 5) 

j = drag parameter (see Fig. 5) 

k = dynamic stability parameter (see Fig. 4) 
l = length of body 


= lift force 

N= number of electrons per cm.’ 

q = flight path curvature rate in rad./sec. 
W = weight 

a = angle of attack 

= da/dt 

6, = cone semivertex angle 

w® = pitching oscillation rate (see Fig. 5) 


, I HE ERA OF hypervelocity vehicles is clearly upon us. 


Numerous military and scientific projects—including, 
for example, ICBM, IRBM, X-15, X-17, and earth 
satellite projects—serve to illustrate this. In the 
design of such vehicles, recourse is made to a relatively 
new realm of aerodynamics—hypersonic aerodynamics. 
An effort will be made here to examine the possible 
interplay of certain aspects of hypersonic aerodynamics 
with problems of stability, performance, guidance, 
and control. 

Generally we shall be concerned herein with vehicles 
which fly through or in the atmosphere at Mach 


Mr. Dorrance is Assistant to the Director of Scientific Re- 
search, San Diego, Calif. 
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Numbers in excess of about 6. It is at and beyond this 
flight Mach Number that the effects of the ‘‘real gas” 
nature of air begin to appear in the aerodynamics of 
a vehicle and the methods of conventional aerodynamics 
begin to lose some of their validity. 

Such vehicles generally fall into two broad cate- 
gories—earthbound vehicles including glide, skip, and 
ballistic vehicles! and vehicles with the primary func- 
tion of penetrating and/or exploring space.? Most of 
what will be discussed here is concerned primarily with 
earthbound vehicles. 


GLIDE VEHICLES 


The long-range hypervelocity glide vehicle has been 
shown to be a competitively efficient long-range de- 
vice.! Such vehicles, depending as they do on aero- 
dynamic efficiency, may possibly employ lifting sur- 
faces for stability and control. In order to assess their 
stability and controllability properly, the conventional 
aerodynamic coefficients must be determined in the 
hypersonic flight regime. What possible unique prob- 
lems arise? 

One such problem is the possible effect of excitation 
of the higher modes of the air molecules as they pass 
through strong leading-edge shock waves on lift force 
coefficients. For example, if vibration and dissociation 
of the diatomic molecules, ionization of the diatomic 
molecules and atoms, and formation of new compounds 
occur in the hot gas, how does this affect normal force 
coefficient and, indirectly, stability or controllability? 

Logan’ investigated this, drawing upon recent ex- 
perimental results. He suggested, for lifting surfaces 
having an initial region of compression in the bottom 
surface followed by a region of expansion (such as the 
double-wedge airfoil shown in Fig. 1), that there may 
indeed be some uncertainty as to the lift force co- 
efficient. He speculated that the air in the compres- 
sion region (region 2 shown on Fig. 1) will probably be 
in its equilibrium high-temperature state within a few 
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mean free paths behind the shock wave. However, 
there is some question as to whether the air adjusts 
(‘relaxes’) rapidly to its equilibrium state upon ex- 
panding around the corner into region 3 shown in 
Fig. 1. Experimental data suggest that there may be 
regions of flight where the air does not reach its final 
equilibrium state in region 3, and hence the pressure on 
the lower surface of such an airfoil in the region of ex- 
pansion will be uncertain. The resultant possible 
uncertainty in normal force coefficient of a double- 
wedge airfoil at Mach 20 and 120,000 ft. is shown in 
Fig. 1. The equilibrium normal force coefficient was 
taken from reference 4, and the approximate correction 
for possible nonequilibrium flow conditions in region 3 
was taken from reference 3. 

A desirable hypervelocity glide vehicle configuration 
should have a high value of maximum lift to drag ratio 
to maximize range for given initial velocity’ and, 
further, should have a high lift coefficient at maximum 
lift to drag ratio. This latter quality is desired to 
enable the glide path to be as high in the atmosphere as 
possible for a given wing loading in order to minimize 
the possible severe heating problem. Other desirable 
characteristics include low leading-edge heating and 
favorable low-speed qualities if the vehicle is to be 
landed. 


Intrigued by the possible favorable characteristics 
of the delta wing configuration at hypervelocities, the 
author initiated a study of elliptic cones late in 1951. 
This work demonstrated in theory that elliptic cones 
did indeed possess desirable glide vehicle aerodynamic 
characteristics at hypervelocities.6 Recent tests at 
Mach Numbers 1.97 and 2.94 reported in reference 6 
tend to bear this out as can be shown using Fig. 2. 

Shown on Fig. 2 are curves of measured maximum 
lift to drag ratio and lift coefficient at the angle of 
attack of maximum lift to drag ratio plotted versus the 
ratio of major axis to minor axis of the elliptical cone 
cross section. It can be seen that, as the eccentricity 


of the cross section increases, the two aerodynamic 
parameters improve. 

Also shown in Fig. 2 is a schematic of how such a 
configuration might be modified for use as a hyper- 
velocity glide vehicle. The tip would be rounded off 
to alleviate the heating problem there. To avoid the 
control surface difficulties presented by thin aerody- 
namic surfaces, flap-like, hinged, surfaces could be 
projected in both the pitch and yaw planes as required. 
No regions of expansion on the lower surface, such as 
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Fic. 1. Approximate effect of recombination relaxation upon 
airfoil normal force coefficent at Mach 20. 
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Fic. 2. Illustrated superiority of elliptic cones as glide bodies. 


are present on wings as shown in Fig. 1, would present 
themselves. 

Another, possibly more serious, difficulty presents 
itself for vehicles in flight in the atmosphere at Mach 
Numbers exceeding 10. This difficulty, related to 
guidance and communication, is that of the electron 
density in the hot gas layer surrounding the body 
behind the strong leading-edge shock wave. Romig’ 
reports the results of calculations of the electron density 
behind the nose shock waves of cones at hypersonic 
Mach Numbers, assuming the air is in its equilibrium 
state, using air properties tabulated in reference 8. 
Results of her calculations are shown in Fig. 3 where 
electron densities greater than 10" per cm.* are shown. 
Contrast the electron densities of Fig. 3 with electron 
densities of about 2 by 10° per cm.* in the ionosphere 
(20 to 80 km.) and maximum densities of 10'* per cm.* 
in rocket exhausts, and the significance of this becomes 
more apparent. Radio communication between a 
vehicle surrounded by such an electron cloud and the 
ground may be difficult. 


BALLISTIC VEHICLES 


Ballistic vehicle final stages and other hypervelocity 
atmospheric entry vehicles have their peculiar aero- 
dynamic characteristics related to guidance and control. 

Among these is the oscillatory pitching motion ex- 
perienced by a hypervelocity entry body if it enters the 
atmosphere at an angle of attack. Friedrich and Dore 
were among the first to study this problem.’ They 
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examined the effect of drag and aerodynamic stability 
of the entry vehicle on the resultant pitching motion. 
It was shown that, for certain combinations of drag 
coefficient, lift coefficient slope, and damping coeffi- 
cient, a divergence of the pitching amplitude could 
occur following an initial convergence during descent 
through the atmosphere. Such a situation would call 
for automatic stabilization or programed control forces 
if such a divergence is to be avoided. 

Allen examined this problem, and others related to 
it, in considerable detail." Fig. 4, taken from reference 
10, shows the effect of a static stability parameter k on 
the pitching amplitude envelope during hypervelocity 
descent. It is seen, upon examining Fig. 4, that, for 
positive values of the parameter k, a divergence could 
occur. 

The analyses of references 9 and 10 bring out another 
difficulty associated with hypervelocity entry. Re- 
lated to this possible oscillatory pitching motion is the 
frequency of motion. Fig. 5, taken from reference 10, 
shows maximum pitching frequencies during atmos- 
pheric entry for several example bodies entering the 
atmosphere at 20,000 ft./sec. at nonzero angle of attack. 
Note that these maximum frequencies range up to 10 
cps. Such pitching oscillations can be disturbing to 
pilots, guidance systems, and fusing devices if allowed 
to persist and present a challenge to entry vehicle 
autopilot synthesizers. 
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Fic. 3. Electron density behind cone shock wave at 51,000 ft. 
altitude. 
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AERODYNAMIC HEATING 


No mention of the problems of aerodynamic heating 
of hypervelocity vehicles has been made here. Excel- 
lent résumés of the design problems created directly by 
the high aerodynamic heat transfer exist in the litera- 
ture. See, for example, references 1 and 11. However, 
no discussion of the relation between hypersonic aero- 
dynamics of high-speed vehicles and guidance and 
control problems would be complete without pointing 
out the effects of hypersonic boundary-layer heat 
transfer. 

Because of the high heat transfer associated with hy- 
pervelocity vehicles, all surfaces exposed to the bound- 
ary layer can get very hot depending on the thermal 
protection system used. Probably insulating materials 
will be used to protect glide vehicles which may be able 
to back radiate a significant portion of the heat transfer. 
Ballistic and other atmospheric entry bodies will 
probably mostly rely on heat sink materials and other 
heat absorbing schemes. Few of these thermal pro- 
tection artifices make allowances for desirable radome 
characteristics or allow electromagnetic wave propaga- 
tion through them without considerable attenuation. 

Hot control surfaces tend to warp and bind at high 
temperature. This again presents a serious problem 
to the vehicle designer. No doubt, hinge lines will 
tend to be avoided by using unconventional control 
devices. 
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Fic. 4. Effect of stability parameters upon pitching amplitude 
for hypersonic atmospheric descent. 
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Fic. 5. Maximum pitching frequencies of cones entering the 
atmosphere at 20,000 ft./sec. and nonzero angle of attack. 


CONCLUSIONS 


Some of the aerodynamic factors in hypersonic 
vehicle design related to guidance, navigation, stabil- 
ity, and control have been briefly discussed here. 
Based on the material presented one might conclude: 

(1) Stability and performance coefficients in the 
hypersonic flight regime may be uncertainly estimated 
because of the uncertain state of the knowledge of the 
behavior of high-temperature air. 

(2) However, vehicle configurations can be en- 
visioned which minimize the uncertainty referred to in 
Conclusion (1). 

(3) A serious communication problem may arise 
owing to the high electron density which may exist in 
the hot gas surrounding a hypersonic vehicle. 

(4) Hypersonic atmospheric entry vehicles may 
require automatic control during descent to achieve 
pilot comfort, guidance, and fusing system accuracy. 

(5) Thermal protection systems for hypervelocity 
vehicles may not be well suited to radome and electro- 
magnetic wave propagation. 
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Edward G. Schwarm 
Link Aviation, Inc. 


Electronic Simulation for the Jet Age 


A typical airline training program for an eight-aircraft jet fleet can show a net savings of 


$2,192,000 over a 10-year period by using a simulator to replace half of the actual flight time.” 


\ \ ITH THE INTRODUCTION of jet aircraft into the 
commercial aviation field, many new problems will 
arise. Navigation at high speeds and long ranges will 
require new techniques, while accurate cruise control 
will attain a new order of importance. Bringing these 
aircraft from high altitudes into crowded approach areas 
at high speed will require precise coordination. Such 
problems will place heavy demands on flight crews and 
control centers. Extensive training will not only be 
desirable—it will become essential. 

Previously, most training had been done in actual 
aircraft. Because of the large investment represented 
by each new jet transport, it is a pressing matter of 
economy to place each one in operation as soon after 
procurement as possible. To accomplish this, the use 
of precision operational flight simulators becomes a 
virtual necessity. Today simulators are being built in 
advance of actual aircraft delivery and, in some 
instances, actually in advance of the first flight of the 
prototype aircraft. 


ECONOMICS 


The economic advantages of flight simulators for 
airline training in reciprocating engine transport air- 
craft have been well established.! These advantages 
are even more pronounced for jet transport training. 
By means of a carefully planned operating and main- 
tenance program, a utilization of 330 hours per month 
can be achieved.! It has been estimated that the 
cost of operation of a modern jet transport simulator 
will be $29.27 per hour. A typical airline training 
program for an eight-aircraft jet fleet can show a net 
savings of $2,192,000 over a 10-year period by using a 
simulator to replace half of the actual flight time. 
These savings rise to $8,642,000 for a similar period 
with a 30-aircraft jet fleet.* 


Mr. Schwarm is a Project Manager. 
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THE SIMULATOR 


An electronic operational flight simulator consists 
primarily of a cockpit section which is a replica in every 
noticeable detail of the interior of the actual aircraft 
being simulated and a special-purpose analog computer 
to solve the necessary aircraft and navigational 
equations. Complete and accurate simulation of all 
phases of the aircraft equipment is required for satis- 
factory training. By proper instructor action it is 
possible to introduce appropriate and realistic fail- 
ures and malfunctions into the various aircraft 
systems. In this manner, a high level of crew 
training and coordination can be obtained, as many of 
these failures cannot be introduced into the actual 
aircraft at will. Other failures would expose the crew 
and aircraft to undue hazard. In normal operation 
one or more flight instructors accompany the crew in 
the cockpit section while the radio aids operator op- 
erates the ground navigational equipment and acts as 
the ARTC controller. 


FLIGHT COMPUTER 


The heart of the flight system computation is the 
axis computer. This computer solves the nonlinear 
equations of motion for a six degree of freedom system. 
For instrument read-out, position determination, and 
coefficient generation it is necessary to obtain data in 
the aircraft, wind, and stability axes. A further axis 
transformation is necessary to convert aircraft veloci- 
ties as computed along the wind axis to earth axis 
velocities for the purposes of determining ground 
position, track, and altitude. 

All appropriate aerodynamic coefficients are gene- 
rated in the coefficient computer section. These co- 
efficients are generated in complete nonlinear form by 
means of servo and diode function generation. To 
enable use of the operational flight simulator before 
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Artist's conception of DC-8 flight simulator. 


actual aircraft flight, the basic data for coefficient gene- 
ration are obtained from design, estimated, and wind- 
tunnel data. The effects of Mach Number and aero- 
elasticity are fully considered. 

Accurate primary control force computation is, of 
course, essential to satisfactory simulation. Various 
schemes of artificial control loading have been employed 
in the past, but the most feasible of them appears to 
be a high-performance force sensitive hydraulic servo, 
one for each of the control axes. In this scheme a 
double-acting hydraulic cylinder is connected through 
proper linkages to the appropriate control. A high- 
speed hydraulic servo valve controls the cylinder 
fluid flow. By placing a force measuring transducer in 
the control linkage, it is possible to measure the actual 
force existing. A position transducer on the control 
loading unit feeds data to the coefficient computer. 
This, in conjunction with information received from 
the axis system computer, provides the necessary data 
to compute the control force desired for a given control 
position. By comparing this desired force with the 
force existing as measured by the force transducer, 
the hydraulic servo valve may be correctly positioned 
to give the correct force on the control column. 


ENGINE COMPUTER 


As most turbojet engine data are readily available 
in a form in which thrust, exhaust temperature, and 
fuel flow are expressed in terms of engine pressure ratio, 
pressure ratio becomes an attractive independent 
variable to use for the purposes of computation. En- 
gine r.p.m. is computed as a function of throttle po- 
sition and other appropriate parameters dependent 
upon the individual engine regulator system. By 
proper reduction of data, it is possible to express engine 
pressure ratio as a function of two independent varia- 
bles, engine r.p.m. and ram air temperature. The 
appropriate steady-state values of fuel flow, thrust, and 
exhaust temperature can then be computed by straight- 
forward function generation using engine pressure 
ratio and other parameters as independent variables. 
While thrust follows pressure ratio quite closely during 
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Data flow diagram of DC-8 flight simulator. 


accelerations and decelerations, fuel flow and exhaust 
temperature vary quite widely. It has been found 
practical to consider the incremental differences of these 
functions between the steady-state conditions and the 
values obtained under conditions of jam acceleration 
and deceleration These increments may be reduced to 
functions of r.p.m. and altitude. It is then only neces- 
sary to determine when the engine is being accelerated 
or decelerated and add these increments to the steady- 
state condition. The end result is realistic operation 
during rapid change with a very accurate computation 
under steady-state operation. 


ACCESSORY SYSTEMS COMPUTER 


Accessory or ancillary systems such as electrical, 
hydraulic, pneumatic, de-ice and anti-ice, cabin pres- 
surization, control boost, etc., comprise a major 
portion of a modern jet transport aircraft. While 
many of the operations may be represented as switch- 
ing functions using relays to perform the computation, 
others require a considerable amount of arithmetic 
operations with appropriate time constants applied. 
It has been found, for example, quite feasible to repre- 
sent the electrical system by means of a complete analog 
which includes each bus in the system with its appro- 
priate inputs and outputs. These values must be 
computed in an accurate quantitative manner to 
provide proper system operation and instrument read- 
out. All switckes, circuit breakers, and fuses accessible 
in the flight compartment must be connected into this 
system and operable. Electrical loads must be com- 
puted and applied to the proper buses for complete 
simulation. Each valve, pump, and actuator in the 
hydraulic system must be represented by its equivalent 
electrical analog. Appropriate hydraulic line losses 
must also be included to provide correct pressure read- 
ings and indications of operation of the various com- 
ponents. The fuel system must be analoged in a simi- 
lar manner. Line losses, effect of fuel quantity in each 
tank, and airplane attitude upon pumping head must be 
computed to obtain fuel pressures. 
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INSTRUMENT COMPUTER 


The primary purpose of the aforementioned compu- 
tation is, of course, to provide correct instrument pres- 
entations to the pilot and other crew members. Air- 
craft instrumentation has been vastly improved in 
recent years with errors being reduced considerably. 
This simplifies the problem of instrument simulation 
under normal operating conditions. However, some 
instrument systems still have inherent time lags and 
errors which must be accurately simulated, while 
computation must be employed for other instrument 
systems to furnish appropriate readings under abnormal 
conditions and simulated malfunctions. It has been 
found generally feasible to apply correct basic data to a 
separate instrument computer peculiar to each instru- 
ment system. In some cases, it is practical to compute 
the instrumentation errors and apply these in arithmetic 
form to give the final instrument presentation. In 
other cases it is more practical to completely analog the 
instrument system and apply correct data to this analog, 
allowing it to compute its own errors. 


To complete the illusion of flight, the sounds en- 
countered in the actual aircraft must be simulated. 
These sounds generally fall into two categories—those 
of a random nature, such as slipstream noise and jet 
exhaust, and those employing a definite frequency 
component or a series of components such as turbine 
whine, hydraulic sounds, and cabin air compressors. 
Random type sounds are produced from a gas tube 
white noise generator. Proper filter networks are used 
to provide the desired frequency spectrum for each 
particular sound. To produce those sounds which 
contain discrete frequency components, variable fre- 
quency oscillators are used. The frequency and volume 
level of these sounds are controlled directly by the 
computer sections to provide coordination between 
actual flight operation and sound. A trinaural sound 
system is used with speakers located in the nose and 
left and right sides of the simulator cockpit. 


Rapio 


All radio controls and indicators are installed in the 
simulator cockpit section in the same manner as they 
’ would be in the aircraft. The radio aids computer, by 
taking information from the axis system computer, 
continuously determines the altitude, bearing, ground 
range, and slant range from the simulated aircraft 
position to each of six simulated radio stations. These 
stations are located by the radio aids operator and used 
to simulate actual stations in both type and location, 
as shown on the standard aeronautical maps. By 
simple selection, any of the six stations may be set to 
represent any standard type of aeronautical navigation 
station. The call signals for these stations are gener- 
ated by electronic keyers which may be set to produce 
any of the standard three or four letter codes now in 
existence. Once set up, the operation of these stations 
is entirely automatic. The position of the simulated 
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aircraft is displayed by means of a rectangular coordi- 
nate recorder which indicates the ground path overlayed 
on an aeronautical map showing the location and types 
of radio facilities being used. An auxiliary recorder 
shows an enlarged view of the area around any selected 
radio station. This recorder is used primarily for 
approach and local area flying. An altitude deviation 
recorder shows the altitude deviation from glidepath 
for a final approach using an ILS or GCA facility. 


VISUAL APPROACH SYSTEM 


As present equipment limitations require that the 
pilot must make his actual landing and take-off with 
visual reference to the ground, a visual system has been 
developed to provide this training in the simulator. 
While the visual system is, in itself, a relatively complex 
device it can be briefly described as follows: 

A very accurate model of the actual airport runway 
and its approach area is constructed to scale. By 
scanning this model with a television camera located 
to represent the pilot’s eye and projecting this image on 
to a large screen mounted in front of the cockpit section, 
it is possible for the pilot to make simulated visual 
landings with a startling degree of realism. By as- 
suming that the pilot’s eye moves with the aircraft at 
all times, it is possible to supply data to the television 
camera from the axis system computer. The camera 
system must be capable of reproducing the six degrees 
of freedom of the aircraft. Longitudinal translation 
is accomplished by having the camera mounted on a 
carriage which moves along a track parallel to and above 
the runway. Lateral translation is accomplished by 
moving the camera transversely on its carriage. Air- 
craft altitude is simulated by raising or lowering the 
camera with respect to the runway model. The camera 
is mounted with its optical axis vertical to the runway. 
By means of a rotatable mirror mounted at approxi- 
mately 45° to the optical axis and directed approxi- 
mately down the runway, it is possible to simulate 
pitch of the aircraft by rotating the mirror about a 
pivot parallel to the aircraft Y-axis. Heading change 
is accomplished by rotating the mirror and camera 
about an axis perpendicular to the runway surface. 
Roll of the simulated aircraft is accomplished by rotat- 
ing the camera about its own optical axis. All degrees 
of freedom are controlled by electrically powered high- 
precision servos. Sufficient depth of field can be ob- 
tained with this system by using a small lens opening 
and adequate illumination to provide a sufficiently 
strong image on the camera tube. 

The visual system provides a realistic and appropriate 
beginning and end to a simulated flight. 


SYSTEM 


The ‘‘feel’’ of the accelerations of roll and pitch, 
while not reliable sources of information in actual air- 
craft instrument flying, do supply cues that are most 
important. To provide these data, a two-axis motion 
system operated by high-performance hydraulic servos 
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is used. By pivoting the cockpit section with a uni- 
versal joint at the rear, it is possible to obtain necessary 
roll and pitch effects and simulate various sources of 
vertical accelerations for limited periods of time. 

The roll axis position is determined by two primary 
inputs, ball position and bank angle. Upon entering a 
coordinated turn, the cockpit rolls with the bank angle 
of the simulator. To avoid the feeling of an unco- 
ordinated turn, the cockpit recovers to a level position 
at a rate imperceptible to the pilot. Upon recovery 
from the turn, the cockpit rolls in the opposite direction 
and then slowly recovers to the level position. In this 
manner, roll accelerations, so important as pilot cues, 
are transmitted physically to the pilot. 

The actual pitch angle is presented as the pitch of the 
cockpit. By nonlinear control it is possible to obtain 
sensitivity for small pitch angle changes without exceed- 
ing system limits at large pitch angles. The vertical 
accelerations of rough air are fed to the pitch axis in 
the same direction and proportionally to the inputs 
supplied to the flight computers. Nonlinear control 
is once again used to obtain maximum effect. The 
various longitudinal accelerations are represented by 
pitching up or down to give the effect of rotation of the 
apparent g vector. High-speed and stall buffet effects 
are realistically presented with their effects slowly 
becoming more evident as the buffet boundaries are 
approached. 


SIMULATOR UTILIZATION 


The primary use of the flight simulator by airlines 
is in crew training under carefully controlled conditions. 
A crew briefing is held by the flight instructor to cover 
all details of the proposed simulated flight. The flight 
is then carried out in the simulator in accordance with 
these instructions. All flight and navigational pro- 
cedures are followed in the same manner as they would 
be under actual flight conditions. The flight instructor 
accompanies the crew in the cockpit section. In addi- 
tion to instructing the crew, he gives operating instruc- 
tions to the radio aids operator and inserts troubles and 
malfunctions into the simulator at appropriate times. 
For certain operations a flight engineer instructor is 
also carried in the cockpit section. After the simulated 
flight, a debriefing session is held in which various as- 
pects of the flight are discussed and corrective instruc- 


tion given. The simulator is also used for transition 
training, primarily on an individual basis with the 
flight instructor acting as the other crew member. 

The Douglas Company has recently purchased a 
DC-8 flight simulator for its own use. The first appli- 
cation will be in the training of Douglas flight-test 
crews and their airline customers prior to actual flight 
in the DC-8 aircraft. 

Another will be used by the Engineering Division 
for studies in the areas of performance, stability, and 
operation. The simulator can be modified quite 
readily to install experimental equipment for feasibility 
studies without the expense of installing and testing 
this equipment in the actual aircraft. 

The simulator will also be used for human engineer- 
ing studies. Readily installed instrumentation per- 
mits very accurate monitoring of all control operations 
during a prescribed problem, thereby furnishing 
complete human factors information for present and 
proposed control arrangements and systems. 

In addition, the flight-test group will use the simu- 
lator for rehearsal of certification flights. 


CONCLUSION 


The use of the operational flight simulator to pro- 
mote higher crew efficiency and safe airplane operation 
is well established. The economic advantages of 
using simulators to augment actual flight time are well 
known and constitute the primary reason for their 
rapid integration into airline training programs. 
The use of a flight simulator by an aircraft manu- 
facturer will enable him to shorten appreciably the time 
from design to certification. Now well-established 
in aviation, the flight simulator will continue to in- 
crease in usefulness as newer aircraft become larger, 
fly faster, and require more skillful and better-trained 
crews. 
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Members Please Note: 


Have you returned your Roster Card? 


(See page 71 of this issue.) 
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Convair, A Division of General Dynamics Corporation 


Kraft A. Ehricke 


OUR PHILOSOPHY oF Space Missions 


“Do nol undertake vast projects with half vast ideas’’* 


Fic. 1. On the moon, one nuclear-powered spaceliner is shown with its crew debarking while a second prepares to 
alight (left background). Mild thrust counters lunar gravity and the rocket is ‘“‘backed down’”’ until the gondola 
rests on the surface. The power plant is landed nearly 1,000 ft. distant at the limit of connecting cables for protec- 
tion of personnel from radiation hazards. Communication with earth (upper right) is possible by microwave 


radio. This spaceliner would carry a 15,000-lb. payload to the moon with sufficient fuel to take off and return toa 
position just outside the earth’s atmosphere. 


The author is Assistant to the Technical Director, Astronautics Section. 
Drawings by John Sentovic, Convair. 
* Contributed by Pete M. Suarez to Readers Digest, January, 1958. 
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Fic. 2. Depicting sunrise departure of five chemonuclear spacecraft from the earth nonstop to another 
planet. Light from the engines of four appear as streaks in the sky. After they depart, the manned flagship follows 
(foreground) from a water-based launching pad. Such flights can be attained by a chemical and nuclear-heated drive 


in two successive stages. 


os A PERIOD of reluctance and doubt as to the 
national importance and utility of space capability 
and concern lest we be lured into expensive space 
ventures, a limited effort was authorized for several 
small scientific satellites in the framework of the Inter- 
national Geophysical Year. President Eisenhower's 
historic decision of July, 1955, probably not only 
started our own efforts but most likely also accelerated 
satellite preparations under way in the Soviet Union. 
There, the whole weight of a decade of military missile 
development was thrown into the game, partly prob- 
ably for sheer economic necessity, partly to avoid 
being beaten in the final phase of a long and consistently 
pursued program. The impact of the first satellite— 
an effect whose possibility frequently was denied before 
—tnay have surprised even the Russians. Meanwhile 
the United States has launched successfully three satel- 
lites. Numerically, the orbit game stands 3:2 for the 
U.S.A. at the end of March. In terms of astronautical 
capability, the U.S.S.R. still holds the undisputed 
lead. It has been stated that, had we successfully 
launched the first satellite, the world would perhaps 


have been less surprised. However, even in absence 
of a surprise element, our accomplishment would have 
created the same worldwide acclaim, not only as an 
individual performance but at least as much because 
of the potential implied. 

What is this potential and how real is it? The cor- 
rect answer to this question presents an important prob- 
lem because some people keep telling us that we cannot 
undertake everything that can be done in space flight 
(which, incidentally, nobody has ever suggested, and 
which is overcautious advice, to say the least, after we 
have been careful to spend as little as possible for space 
flight). Clearly, the potential implied by orbital capa- 
bility lies in three major areas: the psychological effect 
of technical and scientific leadership in the ideological 
struggle between democratic and communist forms of 
civilization; a hard and cold military potential through 
the use of space; and finally, the implications of in- 
creased scientific knowledge through space exploration. 
This promises to yield not readily defined but not nec- 
essarily inconsequential utilities, much as exploration 
of the unknown has done in the past. 
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PSYCHOLOGICAL POTENTIAL 


Psychological effects are intangible but very real. 
In the present ideological struggle, they can obviously 
be produced by a variety of accomplishments, not only 
in the field of astronautics. It should not be necessary 
to emphasize that even the “prejudiced’’ protagonists 
of space flight are capable of understanding this fact. 
To some degree, their concern for a concentrated astro- 
nautic effort is based on the understanding that the cold 
war is fought on more than the military, economic, and 
political front, and that, by neglecting accomplishments 
in astronautics, an important sector on the psychological 
front is neglected also. That the psychological effect 
of space capability is a powerful one has been 
proved nowhere more convincingly than in this country 
following the U.S.S.R. satellite launchings. Applica- 
tions previously regarded with great skepticism—such 
as propaganda shots to the moon, orbital stunts as 
well as quick launchings of humans, and propaganda 
broadcasts from satellites—are suddenly discussed 
seriously as possible next actions of the cold war in 
space on both sides of the iron curtain. However, psy- 
chological effects work both ways. The blow has been 
hard to us because we took our technical superiority for 
granted, although we should have known better in view 
of earlier Soviet accomplishments and of their scientific 
talent. Communism attaches great significance to 
techno-scientific leadership for the sake of survival and 
power of its own system, as well as for internal and world 
prestige. Therefore, the psychological impact of a de- 
feat in this field, or even of a lack of superiority, must 
be strong, especially if it occurs in an area in which lead- 
ership finally has been won in recent times. Space 
capability is one of these areas. We may indeed assume 
that the psychological potential of superior, or at least 
not inferior, space capability is real and important in 
the future. 


MILitTary POTENTIAL 


The military potential of space capability is quite 
tangible in terms of this nation’s defense and the sur- 
vival of western civilization. This certainly is true for 
quasi-space weapon systems, such as the IRBM and 
ICBM, whose brief stay in space is coincidental relative 
to the significance of the location of their launching sites 
(land-based, water-based, air-based) or their storage and 
launching on the surface of the Earth. However, this 
is also correct for true space weapon systems which de- 
rive their military value from their existence in space. 
Military space capability, or control of space, is a new 
concept subject to various interpretations. It is trivial 
to say that space control does not mean actual physical 
control of all motion in, and all access to and from, 
space. Britain never controlled the seas in this sense. 
Much less will any nation ever exercise such dominating 
control over space short of subjugating all other nations 
on Earth first. A more realistic interpretation of space 
control implies that we must be at least as capable as 
any other nation to (1) operate weapon systems in space 
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with missions pertaining to the Earth’s surface, and (2) 
conduct Earth-to-orbit and orbit-to-orbit warfare, both 
in the defensive and offensive sense of the term. 
Whether a space weapon system becomes more or less 
effective as it operates at increasing distance from the 
Earth cannot be decided on a dogmatic or principle 
basis. It depends entirely on the particular circum- 
stances—now, or in the future. Deep-space warfare 
is a frightening and, to us, still somewhat fantastic pros- 
pect. Unfortunately, its possibility is not inconsistent 
with the pattern of human behavior, given the proper 
motive. Technically and politically it is not imminent. 
Obviously, we will not extend military action further 
out than we have to, and neither will any other nation, 
The key is in the definition of ‘‘have to.’’ Who is to say 
today how far out we may eventually have to go? The 
analogy with developments in aerial and missile warfare 
suggests itself. As far as our military space capability 
is concerned, the important thing to understand is to be 
ready to counter an important enemy move anywhere, 
and, if possible, to be ahead of him so as to be better 
able to anticipate what he might do. The emphasis 
here is on “‘capability.’”’ The point is not that we 
should diffuse our strength by undertaking every project 
that can be undertaken. The point is that we should 
concentrate our strength by attaining the capability of 
doing what is necessary when it becomes necessary. 
Civilizations stand and fall with this kind of capability. 
The way of attaining this capability can be chosen 
wisely and in a balanced manner. But it does not re- 
flect balanced thinking to ridicule the possibility that, 
for example, a lunar base may become of military im- 
portance. Fortunately, in astronautics, the energy 
levels of a lunar landing and an interplanetary flight are 
much closer than those of a subsonic and a supersonic 
airplane. For example, a surface-to-surface flight from 
Earth to the moon (Fig. 1) requires roughly 50,000 
ft./sec. (including all losses) or close to 70,000 ft./sec. 
with return into an Earth satellite orbit. A fast round 
trip (1 year) to Mars (no landing) from and to an Earth 
satellite orbit “‘costs’’ about 70,000 ft./sec. or about 
100,000 ft./sec. if starting from the Earth’s surface 
(Fig. 2) (these numbers representing the sum of all ve- 
locity changes during the flight plus all the losses). 
Similar values apply for flights to Venus. Thus, the 
energy ratio is of the order of (10/7)? or about 2. On 
the other hand, the energy ratio between an M = 2 
supersonic airplane and an M = 0.5 subsonic airplane 
is roughly 16. Thus, by attaining the capability of 
flight from the Earth's surface to the moon’s surface and 
return into an Earth satellite orbit, we have, for all 
practical purposes, attained at the same time the capa- 
bility of operating in the entire inner solar system since 
even a flight to Mercury can conveniently be handled 
with 100,000 ft./sec. If we concede the possibility that 
we may have to have this lunar capability, it is unrealis- 
tic to get excited about a flight to Venus or Mars. We 
may not undertake such a flight if we are very economy- 
minded taxpayers and refuse to throw in a $5.00 bill per 
taxpayer during a given year, but at least we have the 
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capability of doing so if and when it becomes necessary 
if we develop our Earth-moon potential correspond- 
ingly. The minimum payload requirement for an inter- 
planetary operation is of course greater than for a lunar 
flight. But in space technology this affects only the 
number of vehicles to be launched for the mission and 
does not require a costly new vehicle development. 
Obviously, a flight to Venus or Mars has no direct 
military significance, and, to my knowledge, nobody has 
ever attempted to sell interplanetary operations on the 
basis of present or near-future military significance. 
The instrumented satellite became a potential space 
weapon system as soon as it was established that such a 
vehicle, through optical and electronic reconnaissance, 
could render valuable assistance in conducting warfare 
against a potential terrestrial enemy. The same 
criterion must be kept in mind when considering the 
possibilities of other space weapon systems. Warfare 
is directed in the ultimate analysis against enemy-held 
territory. Therefore, an antagonist will attempt to 
control all territory or space (air or vacuum) from which 
war can be waged against enemy strongholds. Ob- 
viously then, he will not move away from the enemy but 
attempt to approach him under conditions of superi- 
ority. For this reason, unless the enemy makes it a 
stronghold, there would at present be no need to control 
cislunar space or the moon. But there is a need to con- 
trol, if possible, the outer air space and the vacuum 
space in the vicinity of the Earth. Part of this can be 
done by the instrumented satellite, but this system has a 
lower altitude limit and does not appear to be a practical 
offensive weapon system. Satellites in orbits half way 
to the moon or beyond will not be able to contribute 
much, if any, reconnaissance information. However, 
our optical and electronic capability indicates that re- 
connaissance satellites could be a useful type of space 
weapon system up to a few Earth radii distance. In 
fact, such distance offers certain types of advantages 
over satellites at lower altitude. On the other hand, the 
race between aircraft and antiaircraft systems could 
eventually “squeeze” the airplane into the hypersonic 
superaerodynamic region of operation. That is, it could 
lead to the rocket-powered, manned, hypersonic glide 
bomber operating in the upper chemosphere (240,000 
ft.) at near-circular velocity for a large portion of its 
glide path or to the satelloid—i.e. the thrust-sustained 
satellite—flying in the region of 350,000 to 400,000 ft. 
Technologically, these systems have all the character- 
istics of manned temporary satellites, the first step to- 
ward manned spacecraft. Militarily, the manned satel- 
loid and temporary manned satellite would constitute a 
reconnaissance system which for several reasons is more 
flexible and less vulnerable than permanent satellites 
(manned or unmanned) because the orbit cannot be pre- 
calculated by the opponent like the stable orbit of a per- 
manent satellite and because the presence of human 
judgment is likely to lend more reliability and opera- 
tional sophistication to the space weapon system. Thus, 
the gradual transition from air weapon systems to ter- 
restrial space weapon systems and their antiweapon 


systems looks like an imminent development during the 
coming decade. Since there is little we can do about 
this trend, we might as well direct it. 

There is a second important aspect to the military 
potential of space flight which has to do with the fact 
that presently we have very little knowledge of the sig- 
nificance which our moon may attain in the future. In 
spite of its nearness, our satellite is still shrouded with 
secrets. Will we stand idly by while other nations, 
above all, the U.S.S.R., proceed to explore the moon’s 
surface and evaluate its possible military and other 
utilities? Without being able yet to appraise the mili- 
tary value of a lunar base with finality, it must be said 
that we cannot afford not to find out. The least we can 
gain is scientific knowledge. Civilization at the end of 
this century may not find any of our present criteria to 
be decisive in determining the value and importance of 
our neighboring worlds. 


SCIENTIFIC POTENTIAL 


This brings us to scientific knowledge, the third and 
most important long-range potential of space flight, 
encouraging maturity and peace. The scientific value 
of Earth satellites, long ago predicted, has been proved 
meanwhile by the missions of the Sputniks, Explorers, 
and Vanguard. Many additional scientific applica- 
tions connected with more advanced instrumentation, 
especially optical and television equipment, can be ex- 
pected in the near future. The observation of the uni- 
verse in the deep ultraviolet light in which most of the 
matter radiates opens a completely new cosmos to man. 
Efforts to observe and understand this cosmos need, for 
any civilized person, no further justification than that 
of the enormous scientific importance of this possibility. 
Of similar significance is the search for life on other 
planets since for the present we have no empirical 
foundation for generalizing our biological knowledge 
knowing life on only one planet. One may not care 
for bugs from other planets, but the bug is only a sym- 
bol for basic research, like the green grass on Earth. 
This country has been somewhat late, collectively 
speaking, in appreciating the value of basic research. 
Criticism voiced on scientific education is in part be- 
cause of the fact that many young people have been 
led to be interested in the exploitation rather than in 
the contribution of scientific knowledge. Contribu- 
tion always requires some form of sacrifice. Those 
who cannot contribute directly should atleast be 
willing to do so indirectly. Looking at the recent 
advances in Soviet science, in the nuclear, astronautic, 
and many other important fields, it becomes apparent 
that the Russian citizen must have sacrificed more 
heavily for his scientific progress than the American 
citizen ever has. It is not enough to produce scientists. 
Once we have them, will we be willing to foot the bill 
for their work which, if they really are scientists, will 
consist in caring for the green grass of Earth, another 
meson, the artificial production of a virus, the func- 
tioning of our brain, Lyman Alpha radiation from a 
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TABLE 1 
Five Steps in the Development of Space Capability * 


Step Vehicles Thrust (1b) Parjoad capability (2b j 
| lunar lunar Lumar Orbit of 
Orbital | Satellite | ranting Vomus, Mar} 
1 | Jupiter C; Vanguard) Ten Thousands Tens - - = | - 
2 | Jupiter, Thor Some Hundred Hunireds | Tens - - | Tens 
(modified) Thousand | 
3 | Atlas, Titan Severe) Hundred Several | few Some Runireds A few 
(modified) Thousands Thousamig) Thousands Thousand (no return) | Thousands 
| (no return) (no capture} 
Grovth versions | 1,500,000 40,000 8,000 6,000 4,000 7,000 «| 
(First (winged) (n0 return) (no return) | (no capture] 
4 cond stage | 3,000 | 
lox-JP; high-energy! (capture) | 
third stage) 3,000,000 90,000 | 20,000 16,000 9,000 %,000 | 
(with return)| (no return) | (no capture) 
| 7,000 | 
(capture) 
5 ue: 3,000,000 ~ 160,000 22,000 30,000 | 
(Winged first (lox-JP) (zo return) | (capture) | 
stage) 230,000 | 7,000 
(Nuclear; turn, 
= 800 } 
sec) 
| | | 


* All payload weights for launching from the Earth’s surface. 
In case of return, an Earth satellite orbit is entered. 


distant galaxy, the consistency of the lunar surface, 
and bugs on other planets? Or will we let them 
degenerate into glorified laboratory technicians con- 
cerned with striped tooth paste, next year’s automobile, 
cigarette filters, and new cosmetics? The decision is up 
to our citizens who in the last analysis determine the 
size and principal allocation of public funds. Ob- 
viously, not all, or even an overwhelming fraction of 
these funds, can be or should be made available for as- 
tronautics alone. But those who even now warn us that 
we cannot afford the luxury of large-scale astronautic 
endeavors forget that for about 3¢ per day or $10 per 
year from each of the approximately hundred million 
money earning citizens of this nation our space missions, 
except for major military endeavors, can be financed in- 
definitely. 


SOCIOLOGICAL ASPECTS 


The decision is therefore a matter of spirit and slight 
sacrifice for the future of our children. If the question 
is put bluntly to the citizens of this nation, I know their 
response will be overwhelmingly positive. The dire 
analyses of some of our sociologists notwithstanding, 
their instinct is healthier and their intuition keener than 
that of the Plebeians of the late Roman empire who 
yelled for ‘bread and games,’’ and they are not ur- 
banized to the extent that they would become unable to 
care for pioneering into space, being concerned only with 
their community and the election of that representative 
who most diligently caters to their particular needs. If 
the danger of such a development really should exist, 
then I am sure that the most compelling reason for 
undertaking space flight is a sociological one—to pre- 
vent the human mind from ‘“‘digging in.”’ 

The sociological structure and the collective taste of 
this nation will in the future, more than ever in the past, 
be affected and kept in a dynamic state by relentless 
communist competition which, if it does not degenerate 
into a hot war, will be waged primarily on the economic, 
technical, and scientific front. .To say that space is by 
no means the only battle ground is a trivial observation. 
But it is equally true that it is an important battle 
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ground. We have in the past devoted too little atten- 
tion to the philosophy of our mission in space. 


SOLUTION: THE DECISION 


In the wake of the Sputniks, a multitude of projects 
and suggestions has been thrown at military and civil- 
ian authorities which is confusing to many. However, 
variety is confusing only in absence of an overall pur- 
pose, of a coordinating concept. Determination of the 
goal requires a few basic policy decisions directed toward 
reaching a major next platform rather than petty im- 
provements, and these decisions should be backed up by 
a consistent long-range funding plan. Then we must 
work toward these goals determined to attain practical 
accomplishments without allowing ourselves to be lured 
into an erratic course of stop-gap measures on the one 
hand and overconservatism on the other. 


SPACE MISSIONS 


If we may assume that adequate space capability is a 
necessity, that it will not drive us into bankruptcy, and 
will not unduly distract from other important national 
requirements, we may define the following phases: 

(1) Gradual development of orbital capabilities 
beginning with improved instrumented satellites and 
continued with inhabitable space stations which are 
small enough to be maintained by chemical multistage 
rocket vehicles; aiming eventually at the establishment 
of a comparatively economic and safe transportation 
system between surface and satellites thereby opening 
broader aspects of satellite technology to commercial, 
medical, industrial, and recreational purposes, if cor- 
responding utilities can be developed. 

(2) Gradual development of a lunar capability be- 
ginning with instrumented probes and continuing with 
manned flights into a temporary satellite around the 
moon with subsequent return to the Earth. These two 
missions can be flown with chemical multistage vehicles 
from the surface of the Earth without assembly and 
fueling in an orbit. The landing of a party on the moon 
with chemical vehicles requires orbital assembly and 
fueling. If the establishment of one or more permanent 
lunar bases is found desirable as a result of the previous 
activities, the eventual goal must be supply capability 
of these bases from the Earth’s surface as well as the 
capability of fast passenger flights between Earth and 
the moon. This requires nuclear propulsion. 

(3) Interplanetary and planetary research with arti- 
ficial comets. Nuclear lunar capability gives us the 
option of conducting fast manned reconnaissance flights 
to the planets of the inner solar system, reducing mis- 
sion periods to about 1 year or less. Comet flights 
can again be accomplished by means of chemical multi- 
stage vehicles while the second step requires nuclear 
propulsion. Fast inner solar system flights are cer- 
tainly of great psychological value to the crew which 
thereby spends years less in space than when following 
minimum energy routes. It adds to safety because 
the failure probably is reduced and it affords greater 


. 
— tion 
A 
the : 
for 
ome 
five 
thes 
clea 
can 
face 
rout 
Ear 
a to 1 
spa 
ran 
pap 
van 
Flig 
Pp. 
Aer 
Me 
Hy, 
Vol 
Co 
Cor 
| 
ats 
Lal 


protection against cosmic primaries, inasmuch as reduc- 
tion of exposure times seems to be the only effective 
protection. 


VEHICLES 


Aside from the Jupiter C and the Vanguard vehicles, 
the American missile arsenal offers IRBM’s and ICBM’s 
for a more consequential orbital capability and a first 
lunar and interplanetary instrument-carrying capa- 
bility. Table 1 presents a survey of the order of mag- 
nitude of payload weights for various missions of 
five classes of vehicles. It is interesting to note that of 
these, we already have three classes up to the flight test 
stage. Of particular interest, is the fifth step which re- 
lies on the fourth for a chemical booster, pushing a nu- 
clear stage out of the denser atmospheres. This stage 
can be used to carry people nonstop to the moon’s sur- 
face, and, by launching a small fleet of these vehicles, a 
round trip to Mars or Venus can be carried out from the 
Earth’s surface. A vehicle of this type which can be 
expected at the end of the next decade truly opens space 
to man and provides this country with an adequate 
space capability, as far as payload capacity and space 
range is concerned for some time to come. 


CONCLUSION 


The motto which I have put at the beginning of this 
paper is a very important one in general and very rele- 
vant to astronautics in particular. In the course of the 


relentless pressure for new knowledge and greater tech- 
nical achievements which characterizes our era, we have 
come face to face with a vast challenge and with the 
serious problem of how to meet this challenge properly. 
There is no doubt that we are capable of meeting it. 
But halfhearted measures are not the answer. When 
we made the transition from automobile to airplane 
we had to make a significant jump in velocity of motion. 
It was safer to be bold and make this jump than to try 
to develop airplanes gradually to higher speed, begin- 
ning with 35 m.p.h. I would like to add to the motto 
that, as things are in this world, the most expensive 
and dangerous way of undertaking a vast project is 
with half vast ideas. We must therefore be careful not 
to confuse half vast ideas with balanced thinking. This 
does not mean to advocate an hysterical all-out concen- 
tration on space flight in this nation. It means that 
we cannot meet this challenge without setting our- 
selves a few intelligent advanced goals which bring 
within our practical reach a multitude of other capabili- 
ties to be utilized at our discretion as pointed out above. 
It is not the advanced goal but the lack of one and the 
accompanying erratic and inconsistent activity which 
make such developments expensive. 

The philosophy of our mission in space must be one 
of leadership and cooperation with other nations, of 
contributing to the storehouse of human knowledge, 
and of opening new worlds and new freedoms to man 
while we make very sure that the old freedoms left on 
this beautiful planet do not get lost in the shuffle which 
we call the opening of the space age. 
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The proposed and in-use radio navigation systems for long-range 
flight are described with mention of their operating characteristics 
and suitability for modern high-speed air operations. 


Radio Navaids for Long-Range Flight 


Mortimer Rogoff 


Federal Telecommunication Laboratories 
A Division of International Telephone and Telegraph Corporation 


en PURPOSE of this paper is to establish clear lines 
of division between various radio navigation systems 
and, by defining the various classes, to describe the 
basic characteristics of each type of system. It is 
hoped that the result of such definition and description 
will allow the reader to assess the suitability of a radio 
navigational system to his own particular needs. 


CLASSIFICATION OF LONG-RANGE RADIO NAVIGATION 
SYSTEMS 


The essential characteristics which define any ground- 
based long-range radio navigation system are: 

(1) The number of transmitting antennas associated 
with a single line of position. 

(2) The relative spacing of antennas used to form a 
line of position. 

(3) The choice of operating frequency. 

By making a choice within each of the three charac- 
teristics listed above, a particular system is specified. 

The number and spacing of transmitting antennas 
associated with the ground stations is perhaps the most 
definitive of the characteristics of a radio navigation 
system. It is from the variations of these antenna 
arrangements that the basic system lines emerge. Let 
us consider these in detail. 

The simplest configuration is a single vertical omni- 
directional antenna tower. If a steady unmodulated 
radio frequency carrier is radiated from this tower, it 
is possible to measure distance travelled with respect 
to this tower by means of a phase comparison process. 
The result of such a measurement is to place the ob- 
server on a circular line of position with respect to the 
tower. To do this, it is necessary that the observer 
carry with him a signal source whose frequency is 
identical to that of the transmitted carrier and which 
is in phase with the source at the transmitter station. 


Mr. Rogoff is an Executive Engineer. 
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LEGEND 
A TRANSMITTING ANTENNA 
— LOCI OF 360° PHASE SHIFT 
BETWEEN F: & STANDARD 
-- LOCI OF 360° PHASE SHIFT 
BETWEEN Fe & STANDARD 


AT THIS DISTANCE ONE 
WAVELENGTH AT THE 
DIFFERENCE FREQUENCY 
HAS BEEN TRAVERSED. 


Fic. 1. 


Referring to Fig. 1, circular lines about the transmit- 
ting antenna are drawn which represent contours of 
constant range from the station. The wave radiated 
outwards from this single antenna undergoes phase 
delay linearly with respect to distance travelled; 
2x radians of phase delay are encountered for each 
wavelength of the signal frequency traversed. Thus, 
if the carrier frequency is 100 kc., 27 radians or 360° 
of phase delay is encountered every 1.617 nautical 
miles. If the phase of the received carrier frequency 
is measured with respect to the reference oscillator 
(which is a replica of the transmitter’s frequency and 
phase) by the observer, this phase change of 360° for 
each 1.617 nautical miles will be displayed as the 
distance changes radially from the station. 

A system as simple as this one does exist; it is the 
distance measuring portion of Navarho. There is one 
difficulty associated with this simple type of one-way 
distance measurement, namely, the fact that an 
ambiguity exists for each wavelength traversed. The 
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phase angle measured between received signal and 
reference signal will be the same within each whole 
wavelength interval. Either the receiving equipment 
must measure elapsed distance continuously (in which 
case there will be no ambiguity), or the requirement 
exists for some form of dead reckoning or other guid- 
ance in order to establish which wavelength interval is 
being measured. 

To overcome this difficulty, the radio system can 
employ the simultaneous transmission of more than one 
frequency from this single transmitting antenna. If 
more than one frequency is transmitted, the second set 
of contours shown in Fig. 1 is employed to resolve the 
distance ambiguity. The second frequency necessarily 
possesses a slightly different wavelength than the first. 
If phase is measured separately at each frequency 
(against two separate reference sources at the receiver), 
it is observed that at any given distance from the trans- 
mitter the two phase angles measured will be different. 
This occurs because of the difference in wavelengths 
traversed at these two different frequencies. These 
two simultaneously measured phase angles determine a 
single distance from the transmitter. These sets of 
readings remain unambiguous until sufficient distance 
has been travelled for the two measured phase angles 
to differ by 360°. Beyond this point the cycle repeats, 
and a second zone exists where ambiguities may be 
resolved. 

The simultaneous transmission of two frequencies 
constitutes a form of modulation on a basic carrier. 
This is exactly analogous to a double side band sup- 
pressed carrier system of transmission.’ For example, 
if 100.05 ke. and 99.95 ke. are the radiated signal fre- 
quencies, then signals received in the airplane would 
have all of the characteristics of a double sideband sup- 
pressed carrier signal of 100 ke. carrier frequency, with 
50 cps modulation. This is the exact form of the dis- 
tance measurement signal transmitted in Navarho, and, 
by the methods described above, measurement is made 
on the carrier alone to obtain a “fine” distance measure 
which traverses through 360° every 1.617 nautical miles. 
A “‘coarse’’ measurement made at the 100 cps difference 
frequency produces one phase rotation every 1617.0 
nautical miles. 

The next general form of system is any one employing 
more than one transmitting antenna. In Fig. 2, two 
such antennas are shown, and two circular lines of 
position which denote the contours of a constant phase 
angle measured with respect to each station are plotted. 
These two circles are tangent to each other at a point 
along the baseline joining the two stations. At this 
point, the measured phase angle difference is the differ- 
ence between the two phase angles that would be meas- 
ured separately with respect to each station. As one 
moves off the baseline, this constant difference will be 
observed on a hyperbolic contour falling between the 
two circular lines. Some artifice such as a difference 
in transmitted frequency or a form of time sharing 
must be employed to separate these two received signals 
for the purpose of measuring. 


Assuming that this is done, the contours of constant 
phase angle difference measured between these two 
signals will take the form of hyperbolas constructed 
between these two stations. Any hyperbolic line 
drawn through the baseline represents the locus of 
points of constant differential distance, hence constant 
differential phase delay measured between the two 
stations. 

One important advantage of these two antenna 
systems is the fact that the observer need not carry 
with him a reference frequency generator for ‘use in 
measuring the phase of the received signal. These two 
signals are separately received (either in frequency or 
by virtue of time separation), and one can be employed 
as the phase comparison standard for the other since 
only differential quantities are being measured. 

A whole class of systems evolves from this differen- 
tial, or hyperbolic, technique. Among these are 
Loran A, Loran C, Dectra, and Omega. The variations 
between these systems involves the methods for sepa- 
rating the two signals, the methods with which the 
measurements are made, the form of modulation em- 
ployed, and the baseline separation between the anten- 
nas. 

The simplest concept of a hyperbolic system is that 
embodied by standard Loran A. In this case the trans- 
mitters at each station will be pulsed on for brief 
periods of time rather than running continuously. 
An observer at a position midway along the baseline 
will receive these pulses simultaneously. As the ob- 
server changes his position relative to these two stations 
along the baseline, he will measure a changing differ- 
ential delay pattern due to his motion. Along this 
line, the phase change measured in delay will occur at 
the rate of approximately 12 y’s per mile travelled. 
Off the baseline, the constant delay contours are hyper- 
bolic and the actual measured differential delay will 
depend upon the observer’s position on this hyperbolic 
grid. 

As far as the actual measurement of phase or time 
delay is concerned, the transmitted pulses are extracted 
from the signal without regard to the carrier frequency 
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employed. These measurements are made on the 
envelope of the received signal (which in this case con- 
stitutes a form of modulation), and no measurements 
are made at carrier frequency. In other words, there 
is no fine and coarse measurement made in standard 
Loran A since the phase delays of the carrier frequency 
(which change rapidly with differential distances) are 
ignored. 

The important variation on Loran A is Loran C. 
Loran C employs measurements made on the carrier 
as well as measurements made on the received pulse 
envelope. In this case, the fact that the transmitters 
are pulsed on the air and received at different times al- 
lows a differential phase measurement to be made in the 
receiver even though both transmitters use the same 
carrier frequency. The fact that signals will never be 
received simultaneously is guaranteed by the fixed 
delay that exists between transmission times at these 
two stations. This delay is inserted in the synchro- 
nizing system that joins the two stations for timing 
purposes. 

The phase of the received pulse of carrier is ‘‘stored”’ 
in the receiver by measuring the phase angle of the 
first pulse of carrier with respect to a locally generated 
reference signal. When the second pulse of carrier is 
received, the phase angle between it and the receiver’s 
reference is measured; the difference between these 
two phase angles is the quantity of differential carrier 
phase. Since these two pulses arrive within fractions 
of seconds of each other, the stability requirements on 
the receiver's reference oscillator are relatively low. 

As in the case of all carrier phase measurements, lines 
of position obtained from this fine portion of the Loran 
C system are ambiguous since they recur approximately 
every 0.8 nautical mile. The ambiguity is eliminated 
by means of delay measurements made on the envelope 
of the received carrier pulses in a manner similar to 
Loran A. These measurements establish which fine 
hyperbolic line of position, is being tracked by the 
carrier phase portion of the system. 
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Still another variation of hyperbolic systems is that 


typified by the Omega system. In this case the trans- 
mitters in the system radiate their signals one at a time 
on the same frequency. Individual signal durations 
are 1 or more sec. This, of course, is simply a very 
long pulse of carrier; the receiver accepts these signals 
one at a time and measures their phase relative to an 
internal standard. A phase angle difference that is 
measured between signals places the observer on hyper- 
bolic lines of position that characterize pairs of stations. 
Since these measurements are made at carrier frequency 
(at approximately 10 ke.), ambiguities exist approxi- 
mately every 8 nautical miles. These ambiguities are 
resolved by further transmissions at an offset carrier 
frequency. The offset amounts to approximately 
500 cps. Hence, as described earlier, this is equivalent 
to making measurements on a 500-cps basis with a 
corresponding spacing of approximately 160 nautical 
miles between ambiguous zones. Therefore, Omega 
also consists of both fine and coarse measurements; 
the first made on the higher frequency carrier basis and 
the latter performed at the 500-cps frequency difference. 

The Dectra system is also a hyperbolic system 
wherein the signals used for phase difference are also 
transmitted one after the other at the same frequency 
for one set of hyperbolic lines and at two different 
frequencies for an orthogonal set of position lines. All 
measurements are made at “‘carrier’’ frequency in Dec- 
tra, with ambiguous zones recurring approximately 
every nautical mile on the baselines. Because of the 
spreading of the hyperbola away from the baseline, the 
zones of ambiguity widen to as much as 30 nautical 
miles at the range extremes of the system. 

There is another important variation of hyperbolic 
systems that is created when very narrow spacing is 
used between transmitting antennas. In this case, 
the spacing of the antennas is generally much less than 
a wavelength at the carrier frequency employed. 
Fig. 3 is illustrative of this type of system. When the 
spacing between antennas is, for example, 1/3 of a 
wavelength, or 120 electrical degrees, it is clear that the 
maximum phase difference that can be measured be- 
tween signals received from these two antennas is 
never more than 120°. This amount of differential 
phase shift would be obtained on the extension of the 
baseline drawn between the two antennas. As the 
observer moves around the station, this differential 
shift of 120° will reduce to 0° when he is on the perpen- 
dicular bisector of the baseline and will then increase as 
he approaches the other baseline extension. If, in- 
stead of measuring differential phase, the derived 
quantity of received signal amplitude is used for meas- 
urement, it is possible for the observer to position him- 
self with respect to the amplitude pattern thus formed. 
When transmissions are made simultaneously at the 
same frequency (by means of a common transmitter) 
from these two antennas, it is seen that the vector 
addition of the two signal components (one from each 
antenna) that coexist at the observer's location produce 
this amplitude variation in the resultant signal strength. 
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The use of amplitude measurement is especially con- 
venient when it is desirable to transmit simultaneously 
on only one frequency and when no reference signal 
is to be carried in the airplane. The amplitude pat- 
tern that exists around such a pair of stations is shown 
in Fig. 3 as a “dumbbell” variation as azimuth changes 
with respect to the station. This is the basis for the 
bearing measured portion of the Navarho system. By 
using three transmitting antennas energized in pairs 
one after the other in time, three such amplitude pat- 
terns will be produced. Each antenna is located at a 
corner of an equilateral triangle, hence the patterns are 
shifted 120° relative to each other. These three super- 
imposed patterns are shown in Fig. 4. An observer 
located at a particular bearing angle with respect to the 
station will receive three different amplitudes of signal 
one after the other during the sequence of transmission. 
The simultaneous existence of these three amplitudes 
designates the bearing with respect to the station. The 
translation of the sets of amplitudes into bearing angle 
results in radial lines of position. This is in contrast 
to the hyperbolic lines of position that exist between a 
pair of widely spaced antennas. 

We have shown that variations between the number 
and spacings of transmitting antennas result in a variety 
of systems. A single antenna produces contours of 
phase difference which form circular lines of position 
around the station. Pairs of antennas produce hyper- 
bolic LOP’s between the baseline of the pair. Measure- 
ments made at carrier frequency result in LOP’s which 
recur every few nautical miles; measurements made 
at two carrier frequencies produce LOP’s that repeat at 
the wavelength of the difference frequency. Hence, 
this ‘‘modulation’’ measurement is able to resolve the 
position ambiguities inherent in the carrier measure- 
ments. 

Finally, when transmitting antenna pairs are spaced 
by extremely short distances (less than a wavelength 
at the carrier frequency), the differential phase char- 
acteristic can be transformed into a simple amplitude 
pattern. Calibration of a suitable array of this type 
results in radial lines of position. 

Thus, variation of antenna arrangements produces 
either circular, hyperbolic, or radial lines of position. 
Within these variations lie Navarho, Loran C, Omega, 
and Delrac. 

There are many other considerations which become 
important when one wishes to assess the desirability or 
utility of a particular system to the needs of his own 
service. All of the systems mentioned above employ 
great electronic skill to maximize the accuracy of 
computation and measurement on the signals received 
in the aircraft. Similarly, great effort is expended to 
control the accuracy and stability of the radiation from 
the transmitters. The one factor which is difficult for 
the system designer to control is the behavior of the 
radio signals as they traverse the medium of propagation 
on their way to the receiver. This problem of propa- 
gation distortion is of great importance in choosing 
and assessing a particular system. Because of its 
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Fic. 4. Signal amplitude patterns for three narrow baseline 
stations. 


importance we will discuss some of the essential 
characteristics of radio propagation at the frequencies 
usually employed in low-frequency radio navigation 
systems. 

All of the systems proposed for serious consideration 
as long-range radio Navaids operate at or below 100 ke. 
The principal reason for this choice of frequency is the 
ability of signals in this frequency range to propagate 
over the required long distances with little diurnal or 
seasonal variation. Also, this is a region of relatively 
low atmospheric noise so that signal-to-noise ratios at 
distant points are higher and more reliable than they 
would be at high frequencies. Finally, there are no 
“skip zones’’ that are typical in the high-frequency 
region from 3 to 30 mc. These skip zones are inter- 
mediate regions of absence of signal; there would be no 
navigation coverage in such zones. 

The actual choice of an operating frequency any- 
where between 10 and 100 kc. depends upon the needs 
and purposes of the particular system. 

The Loran C system employs short pulse transmis- 
sions and must operate in the vicinity of 100 ke. One 
hundred ke. represents a frequency below which it is 
usually not possible to transmit short pulses. This 
arises from the fact that all transmitting antennas oper- 
ating at these frequencies are electrically short. An 
antenna 650 ft. in height is approximately 1/15 of a 
wavelength high at 100 ke. Asa result, these antennas 
do not look like pure resistance to the transmitter but 
possess large amounts of capacitative reactance and a 
very small amount of either radiation or ground loss 
resistance. In order to operate the transmitters into 
these antennas, the capacitative reactance is resonated 
by means of large low-loss inductors resulting in a 
series resonant circuit of extremely narrow bandwidth. 
The consequence of this narrow bandwidth is that it is 
very difficult to transmit short pulses, and, at fre- 
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(C)LONG -BASELINE HYPERBOLIC GRID 


(b) MEDIUM-BASELINE HYPERBOLIC GRID 


Fic. 5. Relative appearance of lines of position as antenna 
spacing varies. 


quencies below 100 kce., pulse transmissions are usually 
not attempted. Thus Loran C, for example, is a system 
that one does not operate below 100 kc. in order to use 
the short pulses that are required for its accuracies. 

The use of short pulses in the Loran C system repre- 
sents a serious attempt to overcome the difficulties 
associated with sky wave transmission by means of 
ionospheric reflection. It is well known that there is a 
ground wave mode of propagation which does not 
employ sky wave reflection as a means of propagating 
a radio signal. In every case, the first component of a 
signal received at a distant point is due to the arrival of 
a ground wave; it is received first because it has trav- 
elled a shorter path than the sky wave. If a steeply 
rising pulse is transmitted, there is approximately 30 
u’s of time at the receiver during which the ground 
wave can be perceived without contamination from the 
sky wave. During this 30 y's, measurements can be 
made on the ground wave carrier phase resulting in 
accurate lines of position. Unfortunately, the price 
that the designer pays for the use of ground wave prop- 
agation is the fact that this signal becomes severely 
attenuated and undetectable beyond approximately 
1,000 nautical miles from the transmitter. At shorter 
distances, Loran C provides superior accuracy since 
its measurements are made on a ground wave carrier 
phase basis. 

_ The bearing measuring system associated with 

Navarho cannot operate much below 100 ke. This 
system employs three transmitting antennas spaced 
1/3 wavelength apart at the corners of an equilateral 
triangle. As the frequency is lowered, the wavelength 
increases; hence the required antenna spacing grows 
larger. It becomes impractical to own or control the 
land area that would be required for 1/3 wavelength 
spacing at very low frequency. The spacings of 
Navarho antennas at 100 ke. are 1,000 meters or 3,280 
ft.: this is about as far as one wishes to go in station 
size. Hence, there is a real low-frequency limit im- 
posed upon the construction of such a station. 

The Navarho System which operates at 100 ke. pos- 
sesses a set of advantages which make it particularly 
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suitable for aircraft operation. Navarho provides its 
data in the form of bearing and distance to a transmitter 
station. The straightforward one-way measurement 
of distance from a single transmitting antenna, employ- 
ing the simultaneous transmission of two frequencies, 
provides circular lines of position which measure 
distance from the station. The narrow baseline sepa- 
ration between the triple transmitting antennas pro- 
vides radial lines of position (always perpendicular to 
the circular distance contours). Moreover, a single 
Navarho ground station provides a position fix, not 
just a line of position obtained from two stations work- 
ing as a hyperbolic pair. The set of p, @ coordinates— 
distance to the station and direction to the station— 
provides natural guidance to a pilot or navigator with- 
out recourse to any additional computer. All rho- 
theta systems, such as Navarho, provide increased 
accuracy of fixes as the aircraft approaches the stations. 
In most situations, the accuracy requirements in the 
middle of a long-range flight are not as severe as the 
need for position fixing upon entry to the more crowded 
areas of the destination. Hence, Navarho is much like 
a beacon system which provides tighter and tighter 
guidance as the airplane approaches the terminal area 
of a congested region. 

The choice of operating frequency in the Dectra 
system is governed by the desired spacing between 
hyperbolic lines of position. These frequencies are 
chosen so that in the central areas of coverage 360° of 
differential phase (at the carrier frequency) will occur 
approximately every 2 miles. This figure is determined 
exclusively by the choice of frequency and the present 
Dectra system operates at approximately 70 kc. based 
on such a consideration. 

The transmitting stations that are used to form the 
Dectra ‘‘tracks’’ are spaced a few hundred miles apart. 
The hyperbolic lines of position which radiate outwardly 
from the central section of the baseline between the 
stations are almost parallel, hence they lend themselves 
to simple instrumentation for flight guidance. These 
tracks or lanes are approximately 5 miles apart. By 
providing a pair of stations on one shore line and a 
second pair on the opposite shore of an ocean area, 
essentially continuous tracks can be provided for over- 
ocean flight within this central region of the two base- 
lines employed. The advantages of carrier phase 
measurement, with its large sensitivity to small changes 
in differential distances travelled, is retained in Dectra. 
The limitation of Dectra is the fact that these almost 
parallel tracks do not exist when the observer is re- 
moved from the central baseline section. Dectra 
provides accurate coverage over long linear areas and 
lesser or no coverage on the ‘‘sides’’ of the system. 
Since no computer is used, the information is displayed 
on recorders that trace motions on hyperbolic coordi- 
nates. These motions are not easily transformed into 
steering guidance for navigation. 

The Omega system, which operates in the vicinity 
of 10 ke., provides superior accuracy and stability and 
an extremely long range of service from a single pair of 
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stations. The long range is available since sky wave 
transmission at these low frequencies is so efficient and 
stable that it is possible to predict contours of phase 
delay even though the signals have traversed many 
thousands of miles and multiple reflections have taken 
place at the ionosphere and at the surface of the earth. 
In addition, since the Omega stations can be placed 
thousands of miles apart, the hyperbolic lines of 
position show relatively little curvature with respect 
to a set of parallels drawn between the baselines. 
Hence, even though these lines are hyperbolic, their 
relatively small curvature and spreading allows easy 
charting, instrumentation, and display of the data. 

The various types of navigating grids formed by 
changing antenna tower spacing are illustrated in Fig. 
5. Fig. 5(a) shows the intersecting distance and 
bearing (rho-theta) lines of position which are created 
from a single station site employing narrow baselines. 
Bearing is measured in the receiver by means of the 
resulting amplitude pattern, and distance is measured 
by phase comparison between the received signal and a 
frequency standard carried in the airplane. This is 
typified by the Navarho System. 

Fig. 5(b) illustrates the lines of position that are 
obtained from a pair of transmitting antennas spaced 
many hundreds of miles apart. Such systems as 
Loran A and Dectra provide this type of navigational 
data. Fixes are obtained in these systems by means of 
a second set of intersecting hyperbola derived from at 
least one additional transmitting station or from a sec- 
ond pair. The Dectra system employs only those lines 
of position in the central section of the region of cover- 
age. These lines are essentially parallel, and they 


provide track guidance with a minimum of distortion. 

Fig. 5(c) is illustrative of hyperbolic lines of position 
obtained by widely spaced antenna towers. In this 
case, the antenna towers are spaced by approximately 
4,000 miles. Asa result, an extremely large area on the 
surface of the earth is covered by these lines of position, 
and, in most of this area, the lines are essentially parallel 
to each other. In order to obtain a fix, intersecting 
hyperbolas are used. 

Throughout this discussion no attempt has been made 
to describe the equipment, either ground or air, which 
produces the signals or computes and displays the data. 
Such equipment descriptions are readily available from 
many sources and have been described in great detail 
in literature on the subject. In order to portray the 
state of the art in terms of equipment, a tabular sum- 
mary of present system apparatus is contained in 
Table 1. In this table, it is possible to see at a glance 
the comparative performance and equipment sizes and 
weights that currently apply to these systems. 

No discussion has been included relative to the self- 
contained Doppler type of radio Navaid since they 
represent a completely different class of electronic 
navigation systems. They are sensors of motion; 
they are in effect an addition to the normal flight in- 
struments of the aircraft. When they are coupled to 
appropriate heading references these self-contained 
systems can provide useful navigational data. In all 
likelihood ground-based radio navigation aids will al- - 
ways be required to correct the inherent errors of these 
self-contained sensors. Since radio Doppler, or inertial 
navigation systems apply equally well to both short- 

(Continued on page 54) 


TABLE 1 
System Characteristics 


Trans- 
System mitter 
& Fre- Approx.* Power 
Type quencies Base Line Origin Weight Range Accuracy Output 
Navarhot 90-100 ke. 3,700 ft. 90 Ibs. 2,600 nm (over +10 nm 15 kw. 
Distance & sea 
bearing 2,000 nm (over Tapering to +1 
(p, @) land) nm 
Loran Ct 90-110 ke. 600 nm (approx.) Loran 1,200 nm, land 1/6 nm 100 kw. (peak 
Hyperbolic (within grnd. power) 
wave region) 
Accuracy dimin- 
ishes when sky 
wave employed 
Loran Af 1.75-1.95 200 nm (approx.) 50 Ibs. 600-800 nm, day 1/4 nm 150-1, 000 
Hyperbolic me. 400-600 nm, night 1/4nm kw. (peak 
600-1 ,000 nm, 1-2 nm power) 
night 
Consolt 250-400 Order of 1 wave- Sonne Uses ADF _ 11,500 nm, sea 1/4° to 1° 10 kw. 
Bearing : ke. length Revr. 
(aural meas- 
urements) 
Omega 10-14 ke. 5,000-6 ,000 nm Radux 6,000 nm 1-3 nm 
Hyperbolic 
Dectrat 70 ke. 80 nm, tracking Decca 140 Ibs. 2,000 nm Tracking +5nm _ 12-21 kw. 
Hyperbolic 2,000 nm, rang- Ranging +10 nm 
ing 
Delrac 12 ke. 3,000 nm Decca 3,000 nm 10 nm 
Hyperbolic 


* Airborne equipment only. 
+ Systems that have been in use or demonstrated. 
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J. C. Fletcher 
The Ramo- Wooldridge Corporation 


Guidance and Control Problems in the 


Air Force Ballistic Missile Program, Part 1 


Eprror’s Nore:| Because of the author’s comprehensive and timely report of a task of vital importance 


to the nation, AERO/SPACE ENGINEERING Us publishing this article in two issues. 


Part I discusses 


guidance analysis, control system problems, and radio guidance problems. 
Part IT, to be published next month, will cover inertial guidance problems, equipment design, and future trends. 


\ \ HEN THE Air Force initiated the accelerated de- 
velopment of an ICBM missile, a problem of unprece- 
dented magnitude was presented. It was necessary 
to assemble, in the shortest possible time, a team of 
scientists, engineers, and industrial concerns which 
not only could ensure rapid development of an opera- 
tional missile but also could phase the development 
rapidly into production adequate to furnish this nation 
with an ICBM operational capacity at the earliest 
possible date. After preliminary design work and feas- 
ibility studies by The Ramo-Wooldridge Corporation, * 
contracts were placed with a large number of industrial 
concerns, each having particular experience in both 
the development and the production of some portion 
of the missile hardware. 

At the outset, both technical and management 
problems looked very formidable indeed. After thor- 
ough consideration of all aspects, Ramo-Wooldridge 
was selected to assist in these closely related areas. 
Of immediate concern was the fact that many of the 
problems of re-entry, guidance, propulsion, etc., re- 
quired extensions of the engineering art. Of equal 
concern was the knowledge that the various industrial 
contractors in most cases had never before worked 
together on a weapon system of such scope, and, in no 
case, to be sure, had they been required to cooperate to 
the degree required for such an expedited, widespread 
program. 


* Now the Space Technology Laboratories of The Ramo- 
Wooldridge Corporation. STL now has the responsibility of 
technical management and system engineering of all four Air 
Force ballistic missiles programs—Thor, Titan, Atlas, and 
Minuteman. 


Dr. Fletcher is Director of the Electronics Laboratory at the 
Space Technology Laboratories. 
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Now that we look back on what has proved to be 
a successful subsystem development program and are 
well into the flight-test program, the problems per- 
haps do not seem so great. However, it has become 
apparent that, because of the great effort initiated by 
this program, there has been much advancement of the 
state of the art of all fields related to the ballistic missile 
program. Many technical problems have been solved, 
many new components have been developed, and num- 
erous techniques have been invented and_ utilized 
which will be useful on future programs. Not the 
least of these advances have been in the field of elec- 
tronics. The intent of the material to follow is to 
discuss the principal problems that have been en- 
countered in the guidance and control area and to in- 
dicate, where security restrictions permit, some pos- 
sible solutions to these problems. 


GUIDANCE ANALYSIS 


The function of the guidance and control system 
for a ballistic missile is to establish an appropriate flight 
path during the boost phase of the trajectory and to 
terminate thrust at an appropriate velocity and posi- 
tion in space so that the resultant ballistic trajectory 
intersects the earth at the target point. 

A generalized block diagram of such a system (Fig. 
1) includes: 

(1) The measurement system. This system must 
accurately measure, as a function of time, the velocity 
and position of the missile in a coordinate system which 
can be accurately tied to the target coordinate system. 
This measurement system must transmit this informa- 
tion through a data channel to the computer. 

(2) The computer. This device must reduce the in- 
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formation from the measuring device to the proper 
form and coordinate system, then estimate which cor- 
rections must be made to the missile flight path in 
order to properly establish the missile on a collision 
course with the target, and finally, at the appropriate 
time, generate a thrust termination signal. The com- 
puter must transmit this information over a second 
data channel in the form of missile steering commands 
and engine shutoff commands. 

(3) Control system. The control system, or auto- 
pilot, receives the commands from the computer and 
either manipulates control surfaces or jet vanes or 
gives engine swiveling commands, which will force the 
missile into the proper heading. The control system, 


If the three components of acceleration in inertial 
space are measured by accelerometers, one can inte- 
grate once each to obtain v and twice each for x. Since 
acceleration must be measured in inertial space, the 
accelerometers used must be mounted on a platform 
stabilized by appropriate gyroscopes to maintain the 
components of acceleration in a fixed coordinate system. 
Accelerometers actually measure inertial acceleration 
plus the force of gravity. The local gravity vector 
must be precomputed for powered flight and subtracted 
from the measured value of acceleration. The target, 
of course, is not motionless in inertial space; therefore 
appropriate corrections must be made for the target’s 
motion. Both inertial and radio systems have one 
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Fic. 1. Generalized block diagram for guidance loop. 
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Fic. 2. Effect of smoothing on tracking signal. 


as defined in Fig. 1, includes the shutoff device for the 
engines. The control system then perturbs the trajec- 
tory; this perturbation is in turn detected by the 
measurement system, thereby closing the guidance sys- 
tem loop. 

The measurement system, to a large extent, de- 
termines the overall accuracy of the guidance system. 
Its basic problem then is to measure accurately position 
(x) and velocity (v) in the vicinity of burnout of the 
engine. The accuracy with which x and v must be 
measured, of course, depends critically on the shape of 
the trajectory and on the range to the target. It can 
easily be seen that, for reasonable miss distances at 
the ranges specified for IRBM and ICBM, great pre- 
cision from the measurement system is required. 
Two systems commonly used for this purpose are 
(1) the radio system and (2) the inertial system. In 
the radio system phase difference between the trans- 
mitted and the received energy between missile and 
ground is used as a measure of the distance between 
ground radar and missile. Two transmitters or 
receivers on the ground, at some distance from each 
other, can be used to determine one angle (by measuring 
phase difference between the received signals at the 
two stations). The simplest example of this type of 
system is a tracking radar which obtains range by 
measurement of the time difference between transmitted 
and received pulses and which obtains angle by measur- 
ing the phase difference between two adjacent feeds lo- 
cated at the focus of a parabolic antenna. Measurement 
of the range and the two angles is sufficient to give x; 
v may be obtained either by differentiating x or by 
measuring phase-rate differences directly. 

The inertial system makes all trajectory measure- 
ments on board the missile by means of accelerometers. 


feature in common—they both depend critically on the 
initial alignment of their respective coordinate systems 
with the coordinate system in which the target is 
known. This requires an accurate survey of the area 
in the neighborhood of a launch site, as well as accurate 
initial alignment of the equipment with these surveyed 
points. 

Aside from the alignment problem, all radars have 
one characteristic type of error. The spurious phase 
fluctuations, due either to propagation or to equipment 
errors, are often such that accurate phase rate (v) in- 
formation is obtainable only when the signals are 
smoothed over an appreciable length of time. This is 
particularly true in the case for which phase rate is 
not measured directly as in a Doppler system but is ob- 
tained by time-differentiating phase differences. 

In general, the longer the period over which the 
fluctuations are smoothed, the more accurate the es- 
timate of velocity, provided that the actual or real 
velocity fluctuations either are extremely small or are 
fluctuating slowly. It can be seen from Fig. 2 that the 
slopes (velocity) in the smoothed case are greatly re- 
duced. Here we come to one of the basic compro- 
mises in the radio system—smooth long enough so that 
the fluctuations in the measurement system are av- 
eraged out to a small value but not so long that un- 
certainties in the value of the missile acceleration will 
give rise to appreciable velocity errors* during the 
smoothing intervals. 

The chief characteristic of the inertial guidance sys- 
tem is that the longer the period of time during which 
the measurement is made, the longer the period over 
which the acceleration must be integrated, and con- 


* This velocity error is approximately equal to the acceleration 
uncertainty times the smoothing time. 
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sequently the larger the possible velocity error. This 
assumes that the nature of the acceleration error re- 
mains constant during the integration time. The 
basic problems with an all-inertial guidance system 
are (1) to obtain platforms which exhibit very low an- 
gular drift during the guidance period and (2) to mount 
on the platform accelerometers which exhibit errors 
of such small fractions of lg that when these errors 
are integrated over the guided flight period they will 
give rise to small velocity errors. 

An extremely interesting system is one which com- 
bines the best features of the radio with those of the 
inertial, the so-called ‘‘radio-inertial’’ system. In 
this system the smoothing time over which the radar 
data can be averaged can be made very long by using 
the inertial elements to measure the actual accelera- 
tion during the smoothing time. Stated another way, 
the radar is used to correct the inertial guidance errors 
at intervals of one smoothing period apart. The same 
optimization of smoothing time constant as used above 
can then be applied, but in this case the uncertainty in 
acceleration measurement is used, not the uncertainty 
in actual acceleration. This system, then, clearly gives 
greater accuracy than either the radio or the inertial 
system by themselves, provided one can measure ac- 
celeration more accurately than the unknown fluctua- 
tions in the acceleration itself. The only problem 
with such a system is that, although it combines the 
accuracy features of both radio and inertial systems, 
it unfortunately contains the added unreliabilities and 
added weights of both systems. Here is a situation 
where we may, if we choose, gain accuracy at the ex- 
pense of complexity and weight. 

The general problem of what type of computer to 
use is a difficult one. The computer used, of course, 
depends critically on the guidance equations (see 
feedback loop in Fig. 1) and on the trajectory to be 
followed. It is, in general, wise, in order to simplify 
the computer design, to make the maximum use of the 
nominal flight path that the missile would follow with- 
out guidance signals. One then computes small devi- 
ation from this, using linear approximations, where 
possible, in the error expansion. In general, these 
deviations become smaller as uncertainties in thrust 
and the autopilot fluctuations become smaller. The 
question of analog versus digital computer naturally 


. arises. A digital computer allows greater flexibility 


in the guidance equations and has no inherent ac- 
curacy limitations. The ‘‘flexibility’’ argument is 
perhaps important primarily in the early development 
stages of the program since it is often desirable to 
change the guidance equations frequently as new in- 
formation is received from the component and missile 
test programs. An analog computer, on the other 
hand, usually has the advantages of simplicity and ease 
of maintenance and operation. The choice, then, of 
analog versus digital depends (1) on the accuracy de- 
sired, (2) on the development status of the program, 
and (3) on the particular choice of guidance system 
used. 
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It should be emphasized in connection with the 
guidance analysis problem that the trajectory itself 
is an important system compromise which must be 
made. One must weigh considerations of (1) maximum 
range, (2) minimum guidance errors, (3) minimum 
skin friction heating, etc.; and also one must (4) allow 
an adequate means of separating the various stages of 
the missile, if required, and (5) allow for the appropriate 
antenna look angles from both the missile and from the 
ground, if the radio system is used, so that adequate 
signal strength is received at both antennas. These 
compromises must all be considered analytically, and 
precise calculations must be made regarding the cost 
of each of the possible compromises. 


CONTROL SYSTEM PROBLEMS* 


The basic problem of the control system is to main- 
tain an extremely large vehicle as closely as possible 
on a predetermined flight trajectory. In the absence 
of any atmosphere, the missile is basically unstable. 
It can be even less stable within the atmosphere, be- 
cause of weathercock instability, unless appropriate 
stabilizing surfaces are used as part of the airframe. 
The difficulty in designing the appropriate servocontrol 
depends on the disturbances which are anticipated. 
Disturbances may be (1) guidance induced, (2) in- 
ternally induced (backlash, friction, dead space, etc.), 
or (3) externally produced (gusts, wirids, tip-off at 
launching, etc.). One of the important disturbances 
is upper atmosphere winds. Even though such winds 
often occur at very high altitudes where air density is 
low, the missile velocities attained are of such magni- 
tude as to give rise to large dynamic pressures (q) 
which may cause large turning moments. Extremely 
tight servocontrol must then be used to keep the mis- 
sile headed into the relative wind to prevent tumbling. 

The control system, therefore, must be a sort of 
precision servo with very little hunting or drift during 
the accurate guidance phase. This, coupled with the 
large size of the missile, gives rise to some special 
problems. First, it is quickly recognized that the 
larger the missile, in general, the lower the frequency 
of the major body bending modes. Since the control 
system gain must be high to prevent missile tumbling, 
the crossover frequency of the servosystem may very 
well compare with the lowest body bending frequency. 
This may give rise to an instability at the fundamental 
bending mode, thereby causing breakup of the missile. 
Careful design of filters and compensating networks is 
required to avoid this problem. 

A second problem is that of fuel sloshing. Because of 
the large amount of fuel necessary to boost the missile 
to the required velocity, a rather low sloshing frequency 
may result. Also, because of the large ratio of fuel 
weight to structure weight, the coupling of this fuel 
motion back to airframe motion is rather tight. To 
complicate the problem further, the fluid damping of 


* All control system equipment is supplied by the airframe 
contractors (Convair, Douglas, and Martin). 
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such sloshing modes is very small unless special pre- 
cautions are taken to provide baffles to the fluid motion 
—as is well known to designers of oil tankers. The 
problem is not dissimilar to that of trying to balance 
a pail of water on the end of a broomstick. It can 
possibly be done, but the problem is certainly made 
easier by providing appropriate damping within the 
fluid and also by a preknowledge of the basic sloshing 
frequency. 

A third problem is that of actuator speed. Because 
of the requirement for a tight servoaction and a rapid 
force response, one is faced with the problem of very 
rapidly moving large control surfaces, jet vanes, or 
actual thrust chambers. Actuator forces of the 
magnitude required can usually be obtained; the design 
of a fast actuator servo has the attendant problems 
of actuator stability, whether it be hydraulic, pneu- 
matic, or electrical. 


Rapi1o GUIDANCE PROBLEMS* 


The principal problem that concerns the radio guid- 
ance system is that of constructing the highly precise 
components used to measure phase difference accurately. 
Highly stable electrical circuits must be used, as well 
as precision mechanical components. Their character- 
istics must not change with time or environmental 
stress. Inventions can be used which minimize the 
effects of either electrical or mechanical drifts. These 
techniques are well known to those involved in the 
development of precision monopulse tracking radar, 
such as those used with surface-to-air missile programs. 
The basic difference between these and the radar re- 
quired for the ballistic missile application is that all 
measurements of phase angle range, etc., must be made 
in absolute or earth coordinates since the target in this 
instance is fixed in earth coordinates and not in radar 
coordinates. This requires, as was mentioned above, 
accurate alignment of the system and an accurate geo- 
detic survey grid. 

There are some basic physical problems which are en- 
countered which soon become apparent when ultimate 
accuracy is required of the radio components. One 
problem is the scattering of the radio waves during 
propagation through the various portions of the tropo- 
sphere. It is well known that the index of refraction 
of the atmosphere is not that of a vacuum but is gen- 
erally higher because of the water vapor content. The 
index of refraction is on the average 1.00034. This 
index of refraction varies from place to place and 
from day to day, but the mean index would require an 
angular correction to any line-of-sight measurements 
using radar of about 0.93 millirad. measured at an ele- 
vation angle of 20°, assuming that the object being 
tracked was above the main portion of the troposphere. 


* The radio guidance equipment is being supplied by General 
Electric, Burroughs, Bell Telephone, and Univac Division of 
Sperry Rand, with supporting research by the National Bureau of 
Standards, Stanford Research Institute, and Naval Research 
Laboratories. 


Lower elevation -angles, of course, give longer path 
lengths in the troposphere which result in correspond- 
ingly larger angular corrections. 

In addition to the shift in mean index of refraction, 
fluctuations in refractive index due to changes in atmos- 
pheric density and in water vapor content are also 
common. These fluctuations are apparently due to 
turbulence in the lower atmosphere since the statistical 
properties of the index fluctuations seem to be 
identical with those of the turbulence itself. These 
fluctuations are also believed to be the princi- 
pal factors which make scatter propagation possible 
(propagation of electromagnetic waves beyond the 
line-of-sight due to scattering in the troposphere). 
This type of propagation disturbance is, of course, im- 
possible to correct for, and therefore it gives rise to errors 
in velocity and position measurements. The size of 
these errors will, of course, depend on the weather, on 
the prevailing wind velocity, on the local terrain, and on 
the elevation angle to the missile. 

Another type of atmospheric condition giving rise to 
large phase difference fluctuations is the presence of 
clouds. As one might expect, a sharp change of index 
of refraction is observed on passing from just inside of 
cloud to just outside. The change is due primarily 
to the amount of water vapor content. This index of 
refraction change will cause the ray to bend as it passes 
obliquely through this interface. Extremely large 
fluctuations, in apparent line-of-sight, can be caused by 
heavy cloud formations, such as thunderheads, be- 
cause of both the longer path length through the cloud 
and the high index of refraction inside such clouds. 
Heavy cloud formations, when present, may very well 
be the principal limitation on the accuracy of radars 
which are used to measure the angle of arrival of elec- 
tromagnetic waves. 

Another limitation of radio systems is the fluctuation 
in phase as the electromagnetic waves pass through the 
ionosphere. Again, as in the tropospheric case, it is 
found that the mean index of refraction can be cor- 
rected out approximately, but this may vary with the 
season and time of day, as well as with solar activity. 
As is well known from recent experience in the field of 
radio astronomy, fluctuations in this index also occur. 
Measurements of angular fluctuation in the apparent 
position of the radio stars indicate that turbulence exists 
similar to the tropospheric type but with a much larger 
scale length. In addition to these relatively mild 
fluctuations, there is a possibility of Sporadic E-layers. 
These layers cause large variations of the refractive in- 
dex as a function of position over the earth and give rise 
to time fluctuations as the object being tracked moves 
through the sky. 

Fortunately, the ionospheric disturbance is highly 
frequency-dependent. The mean index is given by the 
formula 


n= [1 


where f is the frequency of the radio wave being used 
and fy) the ionospheric plasma frequency. It is clear 
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TO TARGET 


Fic. 3. Illustration of the effect of a cloud in the line-of-sight. 


that the choice of a suitably high frequency will mini- 
mize the effect of the ionosphere. Too high a fre- 
quency, of course, gives trouble from atmospheric 
absorption and rain attenuation. 

There is one technique which may be used to improve 
the system accuracy in the presence of tropospheric and 
ionospheric scatterings. It is possible to increase the 
baseline of the phase-difference measuring device to be 
used. Since the apparent angle of arrival is approxi- 
mately equal to the actual phase difference (measured 
in wavelengths) divided by the baseline, one can make 
the baseline large compared to the scale of the fluctua- 
tions causing the difficulty—for example (see Fig. 3), if 
d is the cloud dimension and 7 = | + An. the index of 
refraction, then the error of the angle of arrival using a 
baseline length Z is approximately equal to dAn/L, 
provided the cloud appears in the line-of-sight through 
only one of the phase-measuring devices. It can be 
seen from this crude picture that, in principle, if the 
object being tracked is far enough away and if the base- 
line is made sufficiently long, propagation errors can be 
made very small. The limitation is again a practical 
one: the longer the baseline used, the more complex 
the equipment becomes, thereby increasing the cost, 


Radio Navaids (Continued from page 49) 


complexity, and operational difficulty, and presumably 
decreasing the reliability. Again, a choice must be 
made to balance suitably all the factors involved. 

There is another effect which must be considered 
when radio guidance is used. Radio waves when prop- 
agated through highly ionized gases tend to be highly 
absorbed by the free electrons generated by the high- 
temperature gases. During the guided portion of the 
flight, of course, all engines are in operation, and, unless 
special precautions are taken, it may be necessary to 
transmit radio waves through the flame to the ground 
station. In the case of missiles which must be operated 
at very high altitudes, the flame is expanded into a 
vacuum, resulting in a flame shape which is more or 
less conical than cylindrical, thereby aggravating the 
problem of transmitting rearward. Propagation of the 
radio waves through the flame may cause both serious 
attenuation and change in refractive index. It is 
rather difficult to assess accurately the value of electron 
density in typical high-temperature rocket exhaust 
gases—and especially the manner in which it will vary 
from engine to engine as the fuel characteristics are 
changed or as various impurities are encountered. 
Efforts to reduce this effect vary with the case con- 
sidered, but several precautions that can be made are: 

(1) Avoid tracking the missile through the densest 
portions of the flame. 

(2) Proper choice of the radio frequency according to 
the particular flame used may solve the difficulty since 
the attenuation and propagation anomalies are quite 
sensitive to frequency. 

(3) Careful quality control of the fuel and of the fuel- 
oxidizer mixture ratio helps to minimize the effect, 
but, of course, this may cause undue complexity in the 
propulsion system and in the logistics of supplying 
propulsion ingredients. 


(To be continued next month) 


and long-range navigation, they are not properly 
covered in this article. 

Long-range radio Navaids are composed of only a few 
basic ingredients. Signals are radiated from antenna 
towers on the ground in such a way as to produce lines 
of position over the earth. Most of these systems em- 
ploy phase measurement in the receiving equipment to 
display the location of the receiver relative to these 
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lines of position. The systems vary in number and 
spacing of antennas used on the ground, the choice of 
operating frequency, and the character of any special 
modulations employed. From these different factors, 
the various systems are assembled. Each of them has 
qualities of merit, and, in one form or another, these 
radio ground-based aids will provide guidance to high- 
speed long-range flight operations. 
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‘With the increasing complexity of missions, 


the autonavigator must assume a large portion of the flight burden 


and thus must possess special purpose features 


providing adaptability to various types of missions.” 


Multipurpose Automatic Navigator 


Barry J. Baron and Rodney W. Unold 


Ford Instrument Company 
Division of Sperry Rand Corporation 


\ V ITH THE ADVENT of high-speed multipurpose 
airborne vehicles, the problem of guidance has 
grown to enormous proportions. A guidance system 
consisting of primary information sensors, computer 
system, and autopilot is presently a must on modern jet 
aircraft. The pilot can no longer serve as one of the 
components in the navigation system as he must spend 
all available time in the accomplishment of his mission. 
The navigation system primarily must be completely 
automatic, capable of flying the aircraft to a predeter- 
mined destination, capable of indicating present position 
information continuously, and capable of correcting 
present position information at any time. The naviga- 
tion system must maintain a high degree of reliability 
and be easily accessible for all levels of maintenance, re- 
ducing inoperative time to a minimum. With the in- 
creasing complexity of missions, the autonavigator must 
assume a larger portion of the flight burden and thus 
must possess special purpose features providing adapta- 
bility to various types of missions. 

Automatic Navigation Computer set AN/ASN-7 
was designed in accordance with the multipurpose 
philosophy. This system is capable of receiving auto- 
matic inputs of speed and heading, and, from these, 
generating present position and course and distance in- 
formation, initial position and desired destination being 
set into the computer system initially. The AN/ASN-7 
system provides autopilot outputs, latitude and longi- 
tude remote outputs, as well as a panel mounted display 
of present position, course, and distance to desired 
destination. One of the major problems in automatic 
navigators is the accumulation of position errors with 
time, this necessitating the incorporation of a correction 
device in the system. The present position storage 
mechanism of the AN/ASN-7 system allows for the 
storage of latitude and longitude changes as present 
position fix information is slewed into the present posi- 


The authors are Design Engineer and Project Supervisor, re- 
spectively, in the Aeronautical Equipment Group. 


tion circuits. On returning the system to normal opera- 
tion, the stored information is inserted into the present 
position circuit and combined with the fix information 
correcting the present position computation. The elec- 
tronics portions of the computer system have been com- 
pletely transistorized in accordance with proved tech- 
niques for reliability. Both mechanical and electronic 
portions of the computer set have been designed on a 
subsystem basis providing easy accessibility to any part 
of the system, an extremely important factor in a com- 
plex system. The alternate destination facility of the 
AN/ASN-7 computer system enables the pilot, at any 
point in the flight, to set a new destination into the 
computer circuitry and automatically compute course 
and distance to this point without the loss of any in- 
stantaneous information. This extremely important 
function is directly applicable to several special purpose 
missions, enabling the computer system to automati- 
cally control the aircraft over a greater portion of the 
flight. 


THE NAVIGATION PROBLEM 


The general navigation problem consists of the inte- 
gration of the north-south and east-west velocity com- 
ponents with respect to time, the entire computation 
being earth referenced. The mathematics of the prob- 
lem will be briefly discussed in this section before con- 
sidering the sources of the primary information and 
special purpose combinations of these sensors with 
a computer set. The symbols involved in the naviga- 
tion solution are as follows: 


Lai = initial latitude 

Loi = initial longitude 

Lap = present position latitude 
Lop = present position longitude 


Lad = destination latitude 
Lod = destination longitude 


D~ = distance to destination 
Hgr = rhumb line course to destination 
k = constant function of earth radius (360°/2zr) 


Vg = ground speed 
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(b) Course and Distence Computation 
(a) Present Position Computetion 


Fic. 1. The navigation problem. 


Hg = ground track 

Vt = true air speed 

Ht = true aircraft heading 

Vw = wind force 

Hw = wind heading 

Va = variation, angle differentiating magnetic north from 
true north 

t = time 

h = altitude 


The geometrical aspects of the navigation problem 
are depicted in Fig. 1, the present position solution in 
(a) and the course and distance solution in (b). 

Present position may be expressed as: 


Lap = Lait+k Vgcos Hg dt 
Lop = Loitk f Vgsin Hg sec Lap dt 
This solution consists of the integration of ground 


speed information directly, and thus is termed, ‘‘Ground 
Speed Mode’”’ solution. 

A second expression for present position may be gen- 
erated utilizing the available air speed and wind in- 
formation. 


Lap = Lait+kf (Vt cos Ht + Vw cos Hw)dt 
Lop = Loi+kf(Vtsin Ht + Vw sin Hw) sec Lap dt 


This solution is termed “Air Speed Wind Mode’’ solu- 
tion. 
The rhumb line course and distance solution is im- 
mediately obtainable from Fig. 1(b). 
D = (Lod — Lop) cos La sin Hgr + 
(Lad — Lap) cos Hgr 


where cos La = ALa/f sec La dLa 


tan Hgr = (Lod — Lop) cos La/(Lad — Lap) 


AUTOMATIC NAVIGATION COMPUTER SET AN/ASN-7 


Automatic Navigation Computer Set AN /ASN-7 per- 
forms the two basic computations indicated in Fig. 1 
by analog methods. The computer system is packaged 
extremely tightly to keep volume to a minimum, Fig. 2 
illustrating the packaging techniques employed in the 
course and distance portion, of the system. A single 
panel mounted control unit, Fig. 3, provides slewing 
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mechanisms for latitude, longitude, variation, wind 
speed, and wind direction. The latitude and longitude 
displays in the upper portion of the control unit are 
time shared between present position and destination. 
Through this circuitry, including the present position 
and destination storage mechanisms located in the 
course and distance computer, present position reset 
and alternate destination insertion may be accom- 
plished. Variation, which is the angle between true 
and magnetic north at any point on the earth’s surface, 
is available either manually or automatically, the varia- 
tion counter in the control unit being utilized in either 
mode. Wind information is inserted into the control 
unit manually and displayed on the wind-speed and 
wind-direction counters. A wind memory computer 
has been designed by Ford Instrument Company to 
provide automatic wind information based upon ground 
speed, true air speed, true aircraft heading, and drift 
angle information display to utilize the same counters 
as the manual wind information. The course and dis- 
tance indicator is the only other panel mounted instru- 
ment in the computer set. Distance to destination, 
desired course to destination, and ground track are dis- 
played in the course and distance indicator. The dif- 
ference between desired course and ground track forms 
a heading error which may be corrected manually or 
automatically by turning the aircraft into the desired 
course and reducing the indicated heading error to zero. 
The automatic correction of aircraft heading requires 
an autopilot system, the autopilot closing the naviga- 
tion loop. 

It is now apparent that the navigation computer set 
must receive the following information, in analog form, 
from primary sensing equipment: 


(a) System operation in ground speed mode. 
(1) Ground speed and drift angle from radar set. 
(2) Magnetic heading from compass system. 
(b) System operation in air speed wind mode. 
(1) True air speed from true air speed computer 
or central air data computer system. 
(2) Magnetic heading from compass system. 


Fic. 2. Computer control C1317/ASN-7. 
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Automatic radar navigation systems utilizing the 
equipment outlined in this section will be discussed in 
the ensuing sections. 


AUTOMATIC RADAR NAVIGATION SYSTEMS 


A general closed-loop automatic radar navigator is 
illustrated in Fig. 4, sensor and autopilot requirements 
depending upon the mission. A system could be 
created for almost any tactical requirement, the prac- 
tical limits being accuracy, range, and tolerable weight. 

The ultra precise radar navigation system stresses 
accuracy. The accuracy requirement necessitates the 
use of a doppler radar sensor of the order of accuracy of 
the APN-81 or APN-116 and a compass system of the 
order of accuracy of the C-12. Combining these pri- 
mary sensors with the AN/ASN-7 computer system, 67 
per cent probability accuracy values of 0.98 per cent 
distance traveled could be achieved in the ground-speed 
mode solution. The air-speed wind mode would re- 
quire a C-12 type heading reference, central air data 
computer of the same order of accuracy as the MG-1 and 
FICo wind memory computer. Using these sensors with 
an AN/ASN-7 computer system, accuracies in the order 
of 1.8 per cent distance traveled could be achieved as- 
suming constant wind for 67 per cent probability of oc- 
currence. In recent years, gyro device heading ref- 
erences have become prominent in airborne navigation. 
They range from simple directional gyros to the com- 
plex all-attitude multiple-gyro platform systems. The 
state of the art limits the static accuracy of these de- 
vices to approximately two tenths of a degree with an 
additional error attributed to gyro drift. The C-12 type 
pendulus magnetic heading sensor with vertical gyro 
weighs a great deal less than many of the gyro plat- 
form systems and is thus desirable for aircraft incapable 
of rapid maneuvering with relatively straight missions. 
To meet the needs of the highly maneuverable aircraft, 
where the weight requirement permits it, a gyro plat- 
form device may be used for the heading sensing ele- 
ment. It is probable that as the state of the gyro art 
advances, eventually the weight, volume, and price of 


Fic. 3. Course and distance computer CP-289/ASN-7. 
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Fic. 4. Block diagram of automatic radar navigator. 


the gyro device will approach that of the magnetic com- 
pass system making the gyro heading reference much 
more desirable for use in aircraft automatic navigators. 

Medium accuracy navigation systems are required 
for both civilian and government aircraft. In general, 
these systems contain lighter weight, less accurate 
sensing equipment with a small reduction in the 
amount of automatic information available. A C-12 
type heading reference, APN-102 type doppler radar, 
and synchrotel true air-speed source might be utilized 
to provide data for the computer portion of the system. 
This system would be lighter than the very precise sys- 
tems but also less accurate. The estimated 67 per cent 
probability accuracy for a system of this type in the 
ground speed mode would be approximately 1.3 per 
cent of distance traveled. A system of this type would 
be utilized on aircraft whose mission calls for a relatively 
good accuracy but whose weight limit precludes the use 
of the heavier, more accurate equipment. 

Coarse, lightweight systems are utilized in fighter 
type aircraft where the navigator weight and volume 
requirement becomes extremely critical. This class of 
aircraft is highly maneuverable and as such introduce 
sensing equipment difficulties. For accurate informa- 
tion during heavy maneuvering, doppler radar antennas 
must be stabilized with respect to roll, pitch, and yaw, 
and pendulous type magnetic heading sensors must be 
compensated for acceleration effects. The utilization 
of sensor correction devices would bring system weight 
into the higher echelons of the medium accuracy class. 
The coarse navigator thus takes a beating in accuracy 
during heavy maneuvering because of the inability of 
the sensing equipment to operate at aircraft maneuver- 
ing profiles. This, however, is acceptable since the 
navigation system is usually not utilized during heavy 
maneuvering. This navigation system must get the 
aircraft to a specified point fairly accurately and then 
after heavy maneuvering indicate roughly aircraft 
position so that the return to base portion of the mission 
may be accomplished as efficiently as possible. The 
coarse navigation system might include a C-10, 11-type 
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magnetic compass, APN-102 class doppler radar, and 
synchrotel true air-speed source. Ground-speed mode 
accuracy for approximately 67 per cent probability for 
a system of this type utilizing the AN/ASN-7 com- 
puter system would be in the order of 1.7 per cent dis- 
tance traveled. As was indicated, any aircraft maneu- 
vering exceeding sensor limits would cause deterioration 
of system accuracy. In cases where the navigator re- 
quirements permit the installation of a wind memory 
computer, the doppler mode error caused by exceeding 
system sensor limits may be greatly reduced by switch- 
ing the system from the ground-speed mode to the air- 
speed wind mode, using a true air-speed source, mag- 
netic compass, and last-remembered wind information 
to generate the navigation solution for this mode. 
Sensor errors will not be completely eradicated in this 
manner as the lieading reference and air-speed source 
will experience high accelerations causing inaccuracies; 
however, the accuracy of this system for a flight includ- 
ing heavy maneuvering will be much better than that 
of the system lacking wind memory. Angle of attack 
will introduce additional sensor errors particularlyin the 
coarse true air-speed source. This effect is minimized 
when a central air data computer system is utilized in 
the navigation equipment, angle of attack corrections 
being automatically applied to the true air-speed out- 
put. Manual wind information may replace wind 
memory in the generation of the air-speed wind mode 
solution, this system exhibiting a greater degree of in- 
accuracy than the automatic wind system. The high 
and medium accuracy systems will carry wind memory, 
or at least manual wind inputs as part of the standard 
navigation equipment providing the air-speed wind 
backup mode. 


Minimum function systems, generally quite coarse, 
are utilized by short range aircraft and in some cases by 
high-speed fighter aircraft where the stringent weight 
requirement precludes the use of any other system. In 
general, this system will provide heading deviation from 
a desired course and distance along and across the de- 
sired course. 


A point of interest in the overall automatic naviga- 
tion system is the stability problem encountered. The 
overall navigator must be compatible with the aerody- 
namic characteristics of the aircraft as the airframe is 
an integral part of the closed loop system. In many 
instances, navigation information, in particular radar 
information, is supplied to the remainder of the system 
as noisy signals requiring the use of smoothing functions 
in the system. If the stability problem is not ac- 
counted for, the aircraft may experience oscillations 
rendering it incapable of completing the required mis- 
sion. 


Up to this point, not much has been said concerning 
special purpose missions. The following section will 
describe several missions and consider the multipurpose 
computer systems that. may be utilized for their com- 
pletion. 
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SPECIAL PuRPOSE NAVIGATION 


Special purpose navigation information is generally 
obtained by performing modifications on existing com- 
puter systems. The automatic radar navigation sys- 
tem, while primarily providing the basic navigation 
computations, also provides mosf special purpose in- 
formation, this latter information not always being 
easily obtainable. This method of obtaining the re- 
quired information is extremely advantageous as the ad- 
ditional functions are provided with a minimum in- 
crease in system weight, volume, and, usually, cost. 

During specific missions, grid-type outputs are de- 
sirable, in particular for radarscope stabilization. 
Grid outputs or what are often referred to as the X-Y 
coordinate outputs, consist of north-south and east- 
west mileage values rather than the normal latitude and 
longitude outputs. The required functions are gen- 
erally obtained by placing potentiometers on the com- 
puter component mileage shafts prior to the angular 
conversion, the required output scales being obtained 
by applying specific excitation voltages to the po- 
tentiometers. Switching circuitry is usually necessary 
in a modification of this type, the complexity dependent 
upon the mission requirements. This modification will 
generally cause a small increase in system weight and 
volume, but will not cause any sizable decrease in pri- 
mary navigation accuracy. 


Tactical requirements may demand better than nor- 
mal navigation accuracy during certain portions of a 
flight, normal accuracy being inadequate. An approach 
to this problem is the time sharing of the navigator as a 
long and short range system by controlling scale values 
of the computing elements. A decrease in the comput- 
ing element scale values will cause an increase in system 
accuracy over normal operational accuracy. There are, 
of course, specific accuracy limits beyond which this 
approach is of no avail, the possibility existing that the 
additional accuracy requirement exceeds system per- 
formance at low scale values This modification in- 
troduces difficulty because of the complexity of the 
switching circuitry required; however, where weight, 
volume, and accuracy requirements permit its utiliza- 
tion, the modification can be made. 


Flight, and thus navigation, through the earth’s polar 
regions has become an extremely important problem. 
Normal navigation computers are unable to cope with 
the extremely high longitude rates encountered in these 
areas due to the meridian convergence at the earth’s 
poles. Longitude is dependent upon the secant of lati- 
tude and as the latitude approaches 90° north or south, 
the secant approaches infinity causing the longitude 
rate to become excessive. For navigation in these re- 
gions, it is convenient to shift the earth’s poles to the 
equator, thus rotating the near grid arrangement that 
exists at the equator to the polar areas of the earth. In 
the navigation computation, this rotated system of axes 
generally referred to as transverse coordinates must be 
accounted for by proper coordinate referencing re- 
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quiring the inclusion of an adapter unit in the naviga- 
tion system. Ford Instrument Company has formu- 
lated a polar heading adapter for use with an automatic 
navigation computer set such as the AN/ASN-7 system 
providing world capability for the system. 


Photographic mapping and charting missions occa- 
sionally require automatic navigation information for 
camera image compensation. The desired information 
is generally a function of ground speed and altitude, 
these quantities to be obtained from the navigation 
equipment. Ground-speed information is available in 
the computer portion of the navigator in both the 
ground-speed and air-speed wind modes of operation. 
The altitude information for this application is generally 
obtained from a radar type altimeter, lesser systems 
utilizing the coarse altimetry equipment carried by the 
aircraft. The accuracy of the required ground speed /al- 
titude function will determine the type of altimeter in- 
formation needed, a radar type altimeter for precise cal- 
culations and a pressure type altimeter for coarser 
measurement. The desired Vg/h function may be 
generated directly in the computer portion of the sys- 
tem generally necessitating the addition of one servo 
loop and switching circuitry, requiring a small increase 
in weight and volume of this portion of the system. 


The automatization of weather data may be ac- 
complished by performing minor modifications in the 
automatic navigator. Wind information may be ob- 
tained relatively accurately from the system wind 
memory facility, the thermodynamic air parameters 
being supplied by the central air data computer. The 
navigator utilized for this type of mission would be a 
higher order system since both a wind memory com- 
puter and central air data computer would be necessary. 
The navigation and weather data computations may 
function simultaneously with no decrease in position 
accuracy. 


As was previously mentioned, maintaining specific 
navigation accuracies over long periods of time is dif- 
ficult. Time dependent errors exist in the automatic 
radar navigation system, these errors building up with 
time. In accordance with this, accuracies over long 
flights would tend to suffer greatest from accumulated 
errors in the most important portion of the mission, the 
target or observation area. It is thus extremely impor- 
tant that this effect be reduced to a minimum, the 
difficulty of compensating for a random type error pat- 
tern existing. The only practical method of fixing air- 
craft position is by referencing the aircraft to a known 
check point and correcting the computed aircraft posi- 
tion to correspond to check point position. This opera- 
tion, usually referred to as position fixing, may be ac- 


++ + 


complished by various means which differ in check point 
selection and in type of information generated. 

Radar fix information is usually the rho and theta 
form. A ground station picks up the aircraft on a 
radarscope and transmits position with respect to 
ground station to the aircraft fix receiving equipment. 
Systems falling into this category are NAVARHO and 
TACAN which differ primarily in the ranges involved, 
NAVARHO being a long range system and TACAN 
a short range system. 

The astrotracker is a device that sights on a known 
star and generates aircraft position with respect to the 
latter. Some difficulties encountered in astrotracking 
are the dependence of the system upon local weather 
conditions and the high degree of stabilty that must be 
provided for the sighting device. This system depends 
upon tracking the reference star it is sighting on and will 
not function properly in clouds or atmospheric dis- 
turbances hindering visibility. 

The completely manual fix consists of flying over a 
known position on the surface of the earth and com- 
paring computed present position with the position of 
the check point. The accuracy of this method deteri- 
orates rapidly with increasing altitude and speed render- 
ing it useless for modern high-speed aircraft. Fix in- 
formation generated in this manner might tend to be 
less accurate than the actual navigation computation 
accuracy. 

In general, the navigation system of the aircraft will 
receive the automatic fix information, inserting it into 
the present position circuitry. During this insertion of 
information, changes in latitude and longitude are 
stored in the computer memory facility, to be driven 
into the present position circuitry at the end of the in- 
sertion phase. 

As weight and volume requirements for control elec- 
tronics are generally extremely stringent in aircraft, it is 
important that the electronic systems provide as much 
automatic flight coverage as possible. The automatic 
navigation system must assume a versatility making 
possible its utilization on various types of missions. 
From a cost standpoint, the multipurpose system holds 
the advantage as costly additional electronic equip- 
ment necessary to perform the auxiliary computations 
is eliminated. The cost, weight, and volume savings 
associated with systems of the type briefly described in 
this paper are extremely important as the use of addi- 
tional armament or fire power on the aircraft may hinge 
upon these quantities. If the electronics weight re- 
quirement is very rigid due to engine capability or 
associated problems, the multipurpose system is de- 
sirable as it will provide the maximum in navigation and 
related information for a reasonable weight. 
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The results are presented of an investigation of the significance of 


the coupling at hypersonic speeds among the three channels of an inertial navigation 
system due to errors in the orientation of the indicated coordinate system 


and errors in acceleration compensations. 


Reasonably simple analytical expressions 


are offered which can be used to determine the navigation system performance 


for the given conditions. 


Cross Coupling in Inertial Navigation Systems 


Robert E. Wilson and John B. Lewis 
General Electric Company 


SYMBOLS 

Xx, 9,2 = axes fixed to platform 

= angular errors about x, y, axes 

6,, by, 5, = position errors along x, y, z axes 

Gz, Ay, A, = total accelerations along x, y, 2 
axes (include gravity) 

Ue = velocity components along x, y, z 
axes 

R = distance to the earth center 

bp = —6, = radius error 

o, = V2/R = Schuler frequency, rad./sec. 

w, = V,/R = craft angular velocity over earth 

A = gyro drift angle 

g = gravity at sea level 

n = a,/g = 1 — (wy/w,)? = normal load factor 

Wi, We, W3, @, Qi, A2 = system parameters defined in 
Fig. 1 


Bes EXTENSION of aircraft speeds to the hypersonic 
range makes the linear accelerations due to slightly 
curved flight paths change from small but significant 
effects to major design parameters in inertial navigation 
systems. It is the purpose of this paper therefore to 
show how the navigation of hypersonic aircraft over a 
nearly spherical earth involves significant interaction or 
coupling. This coupling occurs between lateral (cross 
range) errors and azimuth errors and also between 
longitudinal (range) errors and vertical channel (ve- 
locity and altitude) errors. 

The major cause of both types of coupling is the rela- 
tively high angular velocity of the aircraft about the 
center of the earth. Assuming essentially constant 
altitude, it is found that normal load factor, defined 
here as the ratio of total vertical acceleration to sea- 


Mr. Wilson and Mr. Lewjs are Development Engineers in the 
Light Military Electronic Equipment Department. 
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level gravity (m = a,/g), is sufficient to describe the 
coupling parameters completely. Thus the same nor- 
mal load factor which is so useful for conventional 
maneuvering flight is now useful for essentially straight 
and level hypersonic flight. Several of the relationships 
between primary system parameters and normal load 
factor are summarized in Fig. 1. 


System Description and Assumptions 


In order to demonstrate these coupling effects, a 
simple navigation system will be used. In analyzing 
this system, many factors and sources of errors which 
are known to be important in the uncoupled case but 
which do not change the essence of the coupling effects 
to be demonstrated here will be neglected. This simpli- 
fication has been verified by extensive analog computer 
investigations. The navigation system considered is 
assumed to be a pure inertial, undamped, Schuler- 
tuned system, with its platform maintained perpen- 
dicular to the local vertical. A great circle flight is 
assumed with axes oriented with respect to gravity 
and forward speed as shown in Fig. 2. 


With these assumptions, the two types of coupling 
can be treated independently since the lateral-azimuth 
error equations are essentially independent of the longi- 
tudinal-vertical error equations. This situation is 
analogous to the conventional treatment of the aircraft 
equations of motion in that the two sets of equations are 
independent. The error equations are summarized in 
Tables 1 and 2. It may be noted further that the three 
equations defining the lateral-azimuth coupling are 
analogous to the aircraft roll, yaw, and side force equa- 
tions and that the three equations defining the longi- 
tudinal-vertical coupling are analogous to the aircraft 
pitch, lift, and drag equations. The major difference, 
however, is that the navigation reference axes are 
aligned with the platform, whereas, in the aircraft equa- 
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ee) 
= 
Lo 
n : 
Lateral-azimuth coupling 5, = F(a, w2) 
at Longitudinal-vertical coupling 6, = F(ws, a) 
0.5 
= V3 a1 = = (n/2) [-1 + = 7] 
w 
s 
= V1 — = = ¥(n/2) (1 + V(16/n) — 7] 
0 10.000 20,000 30000 n = 1 — (V,?/Rg) 
FORWARD VELOCITY IN FT/SEC 
Fic. 1. Relationship between system parameters and normal load factor n. 


tions of motion, the reference axes are normally aligned 
with the airframe. 

In considering both types of coupling, it is found that, 
if the aircraft rates of change of velocity are properly 
accounted for, considerable simplification in the solu- 
tions of the error equations is possible. Analog com- 
puter studies have verified that, for rates of change of 
velocity of the order of 0.2g or less and for times of flight 
of about one-half hour, the rate of change of velocity 
can be neglected. For longer times of flight, the addi- 
tion of a simple term proportional to forward acceler- 
ation (or deceleration) is sufficient to give reasonably 
accurate solutions. However, it is cautioned that the 
initial conditions associated with obtaining the hyper- 
sonic velocities must be carefully considered in order 
to obtain the correct solutions. In practice, the accel- 
eration required to obtain the hypersonic velocities is 
not critical unless extended over a time which is sig- 
nificant compared with the periods of the oscillations in- 
volved. Hence it is possible to assume a step velocity 
in obtaining initial conditions and then to use average 
speed for the duration of the mission. The use of aver- 
age speed in missions which involve speed changes 
corresponding to a few tenths of a g for as long as one 
hour has also been verified by analog computer results 
and gives excellent approximations to the more exact 
solutions. 

An important point to note is that, when flights occur 
in a direction other than approximately parallel to one 
of the major axes of the table, azimuth motion couples 
with the longitudinal channel, as well as with the lateral 
channel, and that the vertical motion couples with 
platform lateral motion, as well as the longitudinal 
motion. In this case, the equations become more 


_ complicated. 


A final assumption is made that the Coriolis acceler- 
ations associated with earth rate are negligible. This is 
approximately true for hypersonic flight where the air- 


craft forward speeds cause an angular velocity of the 
aircraft about the center of the earth much larger than 
the angular velocity of the earth. It is also noted that, 
in the type of inertial navigation system assumed, the 
range is obtained by simple integration of the velocity 
obtained from the Schuler loop. 


Nature of Results 


In general, there are three types of forcing function 
which are commonly treated in error analyses of inertial 
navigation systems. One example for each is used for 
both types of coupling. The types selected are gyro 
drift rate, initial tilt error, and initial velocity errors. 
These forcing functions cause errors in platform tilt, 


DIRECTION OF LOCAL GRAVITY 


Fic. 2. Reference system. (See section on Symbols for 
definitions. ) 
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indicated velocities, and indicated position. For this 
paper only the errors in indicated position—namely, 
cross range and range errors—will be shown. 


LATERAL-AZIMUTH COUPLING 


The coupling between the azimuth error and the cross 
range error becomes important at hypersonic speeds 
because, when an azimuth error exists, the high angular 
velocity of the aircraft about the center of the earth 
causes a significant component of angular rate about 
the X-axis. Also, any platform tilt about the X-axis 
causes a component of angular rate about the vertical 
axis which is also proportional to the high velocity and 
this produces an azimuth error. 

The coupling effects can be investigated by solving 
the equations of Table 1 simultaneously. Solutions 
for each independent error source for the conditions of 
the example described above have been obtained, and 
the resulting expressions for the cross range error (6,) 
are also given in Table 1. It can be seen that in the 
columu marked “‘coupled’’ for the gyro drift rate and 
initial angle error responses, two modes of undamped 


o. = V news, which is the usual Schuler frequency modi- 
fied by the value of m, as shown in Fig. 1. The other 
mode is of frequency w, = vi - nw, = V,/R, which is 
the angular velocity of the aircraft about the center of 
the earth. This form of error response associated with 
azimuth error is also characteristic of gyrocom- 
passing systems where, for very low speed craft, 
the earth rate is the significant frequency rather than 
the frequency w. = V,/R. For conventional aircraft 
speeds involving a longer time of flight, a frequency 
which is a combination of earth rate and craft motion 
is used. 

As the aircraft speed is reduced, the coupling effects 
become less important (w, approaches zero). The limit- 
ing error responses for the ‘‘uncoupled’’ condition are 
given in Table 1; these are the usual error equations. 

It should be noted that, in the case of azimuth mis- 
alignment, it is necessary to include a term in the 
‘“‘coupled’’ solution to account for the initial velocity 
error which is inherent in attaining a hypersonic speed. 
The presence of an azimuth error during the initial 
acceleration period makes the magnitude of the initial 
velocity error large enough to be of significance in the 


error oscillation result. One mode is of frequency constant velocity flight assumed in this paper. Also, 
TABLE 1 
Error Equations 
Lateral + as - z O (2) 
Azimuth + - = 4, (3) 
Cross Range Error Responses (6) 
Error Source Uncoupled (n 1) Coupled (n # .5) 
aR AR 
x-gyro drift - Sin ot) 1) n Sin Vir vI-n Sin l-n ot 
2 
s-gyro drift 48 ( 1-n,) 2 vi-ne, E CosV1-n | 
initial 
(1 - Cos wt) Cos Vi-n wt - Cos yn 
initial ty yi-n 
azimuth *-e Ryl-neot Sin nw t-,/n Sin vi - t+ 
locit Sin ot Sin yn 
eral ve y Net 

error “s “s 4 


« Approximate (neglects platform tilt). These expressions may be written also: 


4 
(Range) t and - (Range) respectively. 
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TABLE 2 
Error Equations 


a 2vV. Vv 6 
Zz xR xR 

Tut - - 4, (4) 
Vion 

Longitudinal + as, (5) 
2 

Vertical op + a,c, re) (6) 

Range Error Response (6,) 
Error Source Uncoupled (n - 1) Coupled 


AR 


2 
2+a 2-a 
-gyro drift —L (wo t- Sinwt 1 2 Sinh a,w t 
1 
initial platf R (1 - Cos 1 2+ ai 
it atform - Cos w R —z Cosa wt + Cosh wt 
tilt Yo (a; ay i's a5 *2"s 
initial I-n 
R 1 R | 4 
vertical 1-= Coswt += CoshV20t 1- a, Cos a, w t- a. Cosh a, wt 
velocity error 3 s 8 a) 2 2's 
initial 
longitudinal ° x 2+a 2-a 
velocity error Sin wt ‘o Sin ay wt - 2 Sinh ay 


since the effect of longitudinal acceleration during the 
flight is not included, the cross range error due to initial 
lateral velocity error is of the same form as that for the 
coupled condition. This is so because the platform tilt 
equals the angle which the aircraft has traveled about 
the earth. Inspection of Eq. (3) shows that in this 
case no azimuth error will occur. 


Examples 


The cross range error responses for typical error 
sources are shown in Fig. 3 for several values of hyper- 
sonic speed. In Fig. 3a, for gyro drift about the longi- 
tudinal axis, the effect of the coupling for the times 
shown is a reduction in the magnitude of the cross 
range error when compared to the ‘‘uncoupled’”’ re- 
sponse. This is also typical of the cross coupling effects 
in Figs. 3b to 3d. The difference between. the curve 
for m = 1 and the ‘‘uncoupled” curve for n = 0.75 is 
that a value of V nw, is used instead of w,. It can be 
seen that, for flights of about three quarters of an hour 
or less, the difference between the two curves for 1 = 
0.75 is small, but, for longer flight times, the effect of 
the coupling becomes important. 

Figs. 3b, 3c, and 3d show the responses for azimuth 
gyro drift, initial tilt about the longitudinal axis, and 
initial azimuth misalignment. In Fig. 3d, it can be 
seen that the change from = 0.75 to n = 0.25 results 
in an increase in cross range error rather than a de- 
crease as in Figs. 3a to 3c. The reason is the important 
extra term due to initial velocity error discussed above. 


Although in general the differences between the 
“uncoupled” and ‘‘coupled’’ responses become signifi- 
cant for larger times, it is important to keep in mind 
that, if range rather than time of flight is considered, 
the various speeds would result in considerably different 
times of flight and the relative importance of the cou- 
pling effects would be changed. 


LONGITUDINAL-VERTICAL CHANNEL COUPLING 


There are three major effects which cause coupling 
between the longitudinal and vertical channels. These 
are indicated in Fig. 4. Two of these are of prime im- 
portance for hypersonic speeds, and the third is impor- 
tant at all speeds. The most significant factor is that 
an error in indicated forward speed results in an error 
in computed centripetal acceleration which, in turn, 
causes an error in the vertical channel. This error is 
in the indicated rate of change of vertical velocity. 
The second effect is that an error in indicated vertical 
velocity forces an error in computed forward acceler- 
ation proportional to forward velocity. This error 
then results in an error in forward velocity and platform 
torquing rate. The third effect is an error in vertical 
position (radius). This results in the familiar error 
in Schuler-loop gain which is included in the conven- 
tional ‘‘uncoupled”’ treatment. Also shown in Fig. 4 
is the familiar undamped oscillatory mode of the longi- 
tudinal channel. The vertical channel, however, has a 
divergent mode which is due to the use of indicated 
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radius to compute gravity compensation. These two 
modes are evident in the solutions shown in Table 2. 
Even in the treatment of conventional ‘“‘uncoupled”’ 
error equations, it is well known that any error sources 
in an inertial vertical channel cause a divergence which 
is unacceptable in the navigation system because of the 
large radius error which results. This divergence is 
usually prevented by monitoring the radius information 
primarily through the use of barometric altitude. For 
the hypersonic aircraft, errors in radius still cause errors 
in range proportional to the speed, but much more signif- 
icant is the fact that errors in vertical velocity are ex- 
tremely critical. In addition, for hypersonic vehicles, 
continuous external monitoring information for the ver- 
tical channel may not be readily available. This is be- 
cause barometric altitude is extremely difficult to obtain 
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FIGURE 3C 


at the speeds and required altitudes of hypersonic flight, 
and radar altitude information introduces terrain errors 
in the radius which must be eliminated. It thus becomes 
desirable to minimize the requirements for monitoring 
the vertical channel. Considering this, the method 
presented in this paper can be useful in determining 
the accuracy required of the external information and 
the frequency with which it should be used to correct 
vertical channel errors. 


Examples 


Fig. 5 shows the nature of the coupling for range 
errors resulting from three error sources in the hori- 
zontal channel and one error source in the vertical chan- 
nel. It is seen that, for each of the three basic types 
of error source in the horizontal channel, the error in 
range is initially less than the ‘‘uncoupled”’ error but 
that it finally diverges. The higher the aircraft for- 
ward speed, the greater the initial reduction in error 
and the sooner this divergence becomes critical. For 
errors arising in the vertical channel, a rapid divergence 
occurs early in the flight as expected. 

A point which is not so obvious is that the error 
sources arising in the horizontal channel always result 
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Fic. 3. Cross range errors for coupling between lateral and azimuth channels. 
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in initial range errors which are opposite in direction 
to those caused by coupling with the vertical channel. 
Hence, in coupling the various sources of errors, it is 
found that the divergence rate is not as great as might 
first be expected and that it is therefore possible to 
increase the time required between correcting the ver- 
tical channel errors. It is also emphasized that, in 
correcting the vertical channel errors, it is important 
to correct both vertical velocity and radius in order 
to minimize the frequency of using external information 
in the vertical channel. 

Only one type of error source in the vertical channel 
js shown—namely, initial error in vertical velocity. 
Perhaps even more important is an error in vertical 
accelerometer bias, but this error causes range errors 
which are similar to those already discussed, and the 
major points made above still hold. 


CONCLUSION 


The results presented have shown that certain cou- 
pling effects are significant in inertial navigation systems 
used at hypersonic speeds. Typically simple expres- 
sions have been given for estimating distance error 
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Fic. 4. General nature of coupling between longitudinal and 
vertical channels. 


responses in terms of the normal load factor in the case 
of the example of a constant velocity flight. 

For lateral-azimuth coupling, it is found that: 

(1) In general, the coupling effects tend to reduce 
the cross range errors over the one-hour flight times 
considered. 

(2) An initial velocity error due to initial acceleration 
is important in the case of initial azimuth misalignment. 

(Continued on page 80) 
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Fic. 5. Range errors for coupling between vertical and longitudinal channels. 
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The characteristics and techniques of the comparatively new 
infrared technology discussed in this paper offer promise of 
appreciable increase in long-range detection capability a 
in the future. 
Be 
Pe 
frared Applicati 
Intrare App ICATION to Guidance and Control B 
R. W. Powell and W. M. Kauffman D 
Aerojet-General Corporation 
R: 
C 
A 
T THE PRESENT STATE of man’s knowledge, the aided by an optical system. Although the eye appar- Pe 
long-range detection of aircraft is accomplished almost ently is a good “‘tracker,’’ it is a poor search device be- P 
exclusively by means of electromagnetic radiation— cause it tires rapidly and is capable of only a slow in- M 
visible light, radio (or radar), and infrared (or ‘‘heat’’) efficient search pattern. With the eye (or other visual 
radiation. Until recently, the exploitation of infrared equipment such as photoelectric detectors), the maxi- Se 
radiation proceeded slowly. However, near the end of mum range is highly dependent on atmospheric condi- . 
World War II, new types of infrared detectors were tions. Even in clear daylight, the highlights and 
developed which largely overcame the earlier problem shadows on a target may be inadequate for visual de- tl 
of low sensitivity and slow response. tection, for example, when the target appears on the Ci 
Long-range detection systems are either cooperative horizon where the contrast is too great for the detection in 
(with the detected vehicle carrying a beacon to aid the of fine gradations. Better results can be obtained of 
detection station) or noncooperative (with no special through the use of mechanical, but tireless automatic, p 
provisions made in the detected vehicle to aid the de- detection means such as radar or IR systems. ct 
tector). While noncooperative detection is more diffi- Since radar equipment uses an electronic detector, of 
cult, it is more reliable. This is true even in non- it can provide automatic operation and is useful both 
military applications since beacon failure destroys any day and night. One difficulty with radar is that, in in 
cooperative scheme. addition to the detection set, a noncooperative system tc 
Fig. 1 shows that noncooperative visual equipment must carry a beacon to illuminate the target, and the tl 
is semiactive—i.e., the detection set requires an ex- weight and expense of the equipment rise accordingly. be 
ternal source, such as the sun or a searchlight, to illumi- An advantage of an active radar system is that it can tl 
nate the target. Noncooperative radio or radar equip- provide excellent range data. However, because of it 
ment may be either semiactive or fully active. As the long wavelengths involved in radar, the antenna ol 
shown in Fig. 1, most radar equipment is fully active— must be large, and the angular resolution obtained is it 
i.e., the detection set “‘sees’’ the target by detecting the coarse. d 
target-reflected energy that originally was emitted by Infrared equipment is similar to visual equipment 
a beacon near the detector and interconnected to it. in that the same optical techniques used for visual tele- 
In fact, most radar sets use the same antenna to trans- scopes are used to collect the IR energy and concentrate 
mit the beacon energy and to receive the reflected signal. it upon the detector. The electronic and servo equip- T 
One of the unique features of infrared (IR) detec- ment that processes the signal from the detector re- 
tion is that it is entirely passive—i.e., it operates by sembles radar equipment in that the same techniques tt 
detecting the radiation emitted by the target. All ob- of automatic search and tracking are used. Infrared Ir 
jects with temperatures above absolute zero emit IR equipment can ‘‘see’’ exceptionally well through haze Oo 
radiation of various intensities and at various wave- but cannot see through clouds. These and other char- e 
lengths, depending upon their temperature and their acteristics of noncooperative airborne detection sys- ir 
surface characteristics. Except in a few special cases, tems are summarized in Table 1. p 
very little visible or radar energy is emitted. Conse- As aircraft fly higher and faster, longer detection st 
quently, IR detection can be considered as the only ranges are required. Unfortunately, visual detection rr 
practical method of passive detection. ranges can be expected to decrease with increases in C1 
The simplest noncooperative detection system is the altitude. Maximum active radar ranges are a function er 
visual one using the human eye whether or not it is of target design and aspect and of atmospheric condi- si 
tions, none offering promise of improvement. Radar 
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ranges can be increased by increasing the beacon power 
or by increasing the detector sensitivity. However, 
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TABLE 1 
Noncooperative Methods of Detection 


System 
Characteristics Visual Radar Infrared 
Beacon Sun (semi- Required None required 
; active) (active) (passive) 
Penetration 
Clear air Good Good . Good 
Haze Poor Good Good 
Fog Useless Good Poor 
Cloud Useless Varies Useless 
Equipment size Small Large Small 
Angular resolution 0.1 to 0.33 2 to 30 0.1 to 1 
milli- milli- milliradian 
radian radians 
Detection criterion Area of Effective Heat emitted 
high- reflecting 
lights area 
and 
shadows 
Range measurement Poor Good Poor 
Condition of use Normal Automatic Automatic 
Operation against sun Poor Fair Poor 
Period of operation Day only 24hour 24 hour, night 
preferred 
Power requirement Small Large Small 
Maximum Unlimited Limited by Unlimited 
unobstructed range Beacon 
power 
Search capability Poor Good Good 
Tracking capability Good Fair Good 


there have been no announcements indicating appre- 
ciable improvement in the sensitivity of radar detectors 
in recent years, and it appears that tHe major course 
of improvement lies in increasing the already staggering 
power outputs of the radar beacon. This would in- 
crease range only slightly, by less than the fourth root 
of the beacon power. 

The sensitivities of IR detection systems have been 
increasing rapidly with the development of new detec- 
tors, materials, and techniques. In addition, to obtain 
the higher speeds, the trend in aircraft equipment has 
been to provide increasingly greater engine power 
thereby releasing more and more IR energy. This 
indicates that, although the achievable detection ranges 
of IR equipment are very good today, extraordinary 
increases can be predicted for the future, and more 
detailed consideration is warranted. 


INFRARED RADIATION PHYSICS 


Targets 


As shown in Fig. 2, the IR spectrum consists of elec- 
tromagnetic radiation with wavelengths between 0.7 
micron and approximately 1,000 microns. Any solid 
or liquid object at a temperature above absolute zero 
emits IR radiation. The spectral characteristics and 
intensity of the radiation depend on the absolute tem- 
perature and the emissivity (blackness) of the emitting 
surface. Fig. 3 indicates why IR offers the best passive 
means of detecting aircraft. A target such as an air- 
craft with a temperature below 800°K. emits little 
energy in the visible or the radio region but emits con- 
siderable infrared energy because it uses a heat engine 
and is made of metals that emit IR radiation of high 
intensity. The exhaust gases of an aircraft engine 
emit energy in a series of spectral “lines” or narrow 


bands, including water-vapor bands at 1.3, 1.8, and 
2.7 microns, and a carbon dioxide band at approxi- 
mately 4.3 microns. 

An observer with “infrared eyes’’ looking at an air- 
craft target at night would see a bright glow from all of 
the hot metal parts and a much fainter emission from 
the hot exhaust gases. In the daytime, this observer 
would also see reflections of the sun from objects on the 
ground and clouds in the background. 


Backgrounds 


Like a human eye, the passive infrared system sees 
anything that has sufficient energy to excite it, regard- 
less of the range of the source. The sun behaves much 
like a blackbody of 6,000°K. temperature, and, although 
most of its energy is in the visible spectrum (approxi- 
mately 0.4 to 0.7 microns), it emits considerable infra- 
red energy. Even the reflection of the sun from an ob- 
ject becomes a bright source of infrared energy, and, 
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as implied by the cloud solar reflection curve of Fig. 3, 
solar reflection from brilliantly illuminated clouds is 
troublesome for infrared equipment. 

The techniques used with active systems—.e., range 
gating—to eliminate background objects are not gen- 
erally applicable. The infrared detection system must 
differentiate between the target and the background 
by other means. This is generally done by “‘color’’ 
(or wavelength) filtering and by ‘‘space’’ filtering—i.e., 
by making the system sensitive only to the strongest 
detectable wavelength band of the expected target 
and more sensitive to small high-contrast targets like 
aircraft than to large diffused targets like clouds. 


Atmospheric Transmission 


As electromagnetic energy travels through the at- 
mosphere, it is absorbed by the gases and scattered by 
the particles in the air. At low altitudes, the atmos- 
pheric transmission of infrared energy is affected by 
opaque wavelength regions of absorption and trans- 
parent regions of transmission (commonly known as 
“windows’’). The absorption is primarily due to 
water vapor. Since the water vapor in the atmosphere 
decreases sharply with an increase in altitude, atmos- 
pheric absorption becomes negligible at altitudes greater 
than 40,000 ft., so that the atmosphere becomes a con- 
tinuous window, except for extremely long detection 
ranges. However, even in a vacuum, the energy den- 
sity of the electromagnetic beam diminishes as the 
square of the distance from the source, due to the ines- 
capable spreading of the beam. Thus, the maximum 
range of detection is still limited by the intensity of the 
source and the sensitivity of the detection system. 

The sky in clear weather appears to be blue because 
of the greater scattering of the blue light (0.4 micron 
wavelength) than of the red light (0.7 micron) in sun- 
light. This molecular scattering is the major reason 
that long-range detection using electromagnetic energy 
of wavelengths shorter than those of visible light (such 
as the ultraviolet) is not considered feasible in the at- 
mosphere. Because the infrared energy has a longer 
wavelength than visible light, it is scattered less. With 
haze or high cirrus clouds in which the water particles 
are very small, the scattering of the infrared is much 
less pronounced than in the visible range. But with 
clouds or heavy fogs in which the average particle size 
(approximately 20 microns) is greater than the wave- 
lengths to which current photoconductive IR detectors 
are sensitive (1 to 7 microns), the scattering of IR 
energy is almost as complete as the scattering of visible 
energy. 


INFRARED EQUIPMENT 
Detectors 


The primary reason for the slow development of 
effective IR equipment was the lack of a suitable de- 
tector. As indicated in Fig. 2, infrared and visible 
energy is generated by.molecular and atomic resonances 
and is incoherent, whereas radio and radar signals are 
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generated by an oscillator and are coherent—i.e., they 
are of a single frequency and are in phase so that small 
quantities of energy can be added to provide a usable 
receiver signal voltage. The incoherent IR and visible 
signals are of a continuous band of frequencies and are 
not in phase, so that any additive detection process 
gives no signal. Incoherent radiation, however, can be 
detected by processes in which an electrical character- 
istic is changed by the absorption of a photon. 

One such phenomenon is the photoelectric effect in 
which an electron bound to an atom is released in a 
material or from a cathode by the energy obtained from 
an absorbed photon. Detection is accomplished by 
collecting and counting the electrons released. A large 
variety of photoelectric detectors highly sensitive to 
visible light have been available for some time. Until 
recently, however, there were no photoelectric infrared 
detectors, owing to the low energy of the infrared pho- 
tons and the high work functions (quantities of energy 
required to free the electrons) of the available mate- 
rials. The development of the semiconductor art since 
World War II has resulted in a variety of sensitive 
and fast photoelectric detectors, which, in the infrared 
region, are mainly of the photoconductive type. 

Generally, the achievable sensitivity of photoelectric 
detectors decreases with increasing wavelength cutoff. 
As indicated in Fig. 3, uncooled detectors available at 
present (such as the lead sulfide) are sensitive to radi- 
ations only up to about 3 microns in wavelength. 
Cooling is used on all the photoelectric detectors such 
as lead selenide (PbSe) that respond to longer wave- 
lengths. Here the thermal energy of the detecting 
material is so great that, unless the detector is cooled, 
the resulting self-excited conduction current masks the 
feeble currents produced by long-wavelength infrared 
photons. 

Relationships between the radiation from aircraft 
targets and backgrounds and typical infrared detector 
sensitivities are also illustrated in Fig. 3. The lead 
sulfide detector is the most sensitive. However, be- 
cause of spectral-response limitations, it ‘‘sees’’ only a 
small part of the available energy. Conversely, the 
less sensitive lead selenide detector “‘sees’’ more of the 
hot-metal radiation and considerably more of the ex- 
haust-gas radiation. The lead sulfide detector responds 
much more strongly to reflections of sunlight than the 
longer wavelength detector, particularly if the latter 
system contains a filter to cut off the energy of short 
wavelength. 

The lead sulfide detector has a slower response, or 
information output rate, than the long-wavelength 
detector. On the other hand, in many applications in- 
volving mechanical scans, the longer wavelength de- 
tector must be used at inconveniently high modulation 
rates to compete with the lead sulfide detector in sensi- 
tivity. Furthermore, although a variety of miniature 
cryostat systems have been developed to cool detectors, 
they are costly and often unreliable, particularly for the 
liquid nitrogen temperatures required to maintaif 
high lead selenide sensitivities. 
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Optics 


The optics of an infrared system can be compared 
with the receiver antenna of a radar set; however, there 
are some important differences. For example, inasmuch 
as the infrared wavelength is about '/;,o of the radar 
wavelength, much finer resolution can be obtained, and 
side lobes are insignificant for receiver apertures of 
practical size. 

Typical optical systems used to collect the energy 
and concentrate it on the detector are illustrated in 
Fig. 4. They are identical to the systems used in visual 
telescopes, except that different materials with suitable 
IR transmission characteristics are used. Among these 
materials are fused quartz, sapphire, and arsenic trisul- 
fide. Unusual materials currently coming into use in- 
clude pure germanium, pure crystalline selenium, other 
semiconductors, and glass-like substances made from 
various selenium and sulfur compounds. The various 
materials are combined into complex color corrected 
optical systems by techniques similar to those used in 
visual or photographic optics. 

Discrimination 

As indicated in Fig. 3, background signals exist from 
both atmospheric and terrestrial emission and reflec- 
tion. Besides coding the target-position-data signal at 
the best information frequency for the detector, the 
information system must discriminate against the back- 
ground in favor of the target. As mentioned previ- 
ously, this is done in two ways: first, by color-filtering, 
accomplished by selecting the wavelength band to which 
the equipment is sensitive so as to give the most favor- 
able ratio of target signal to background noise; second, 
by space-filtering, accomplished by making the system 
more sensitive to a small target of high contrast (like 
an aircraft) than to a large target of lower contrast 
(like a cloud), through a rough cross-correlation of the 
images with a pattern and a reticle. 


Electronic System 


Whereas the receiving end of the infrared set re- 
sembles that of visual equipment, the signal-processing 
end resembles and is compatible with that of radar 
equipment. The major differences are that the IR 
equipment (1) being passive, inherently yields no range 
data, and (2) being sensitive to much shorter wave- 
lengths, yields a higher order of angular accuracy. 
Further, being passive, the infrared set is not subject 
to the ground-clutter or minimum-range limitations 
of radar equipment. 


CONTEMPORARY TECHNIQUES 


Search and Track Systems 


Passive IR detection equipment for airborne guid- 
ance and control can be divided into two primary types, 
search equipment and track equipment. The search 
function implies the systematic examination of space 
for the purpose of locating and identifying a target. 


CATADIOPTRIC 
Fic. 4. Infrared optical systems. 


The track function implies the continuous observation 
of a selected target to collect sufficient information 
to permit predictions to be made about the target (such 
as an expected future trajectory). 

Search systems are designed for the moderately rapid 
scanning of large sections of the sky. They must be 
highly sensitive and must be able to “‘see’’ several tar- 
gets in the search field. In order to use the data from 
a search set, an operator provided with a complex dis- 
play such as a plan position indicator (PPI) (or equiva- 
lent decision-making elements) is required. The more 
information a search system can provide, in terms of 
intensity, color, size, etc., the better the decision- 
making capability. 

Track systems, on the other hand, need to survey 
continuously only a small portion of the sky. Usually, 
less sensitivity is needed than in a search set since, 
presumably, the target must have been located with a 
search system before it was acquired and tracked at 
closer range. However, a track system must provide 
highly accurate information on the target position and 
rate of change of position. Also, by definition, a track 
set should “‘see’’ only one target since presumably the 
target to be tracked has been selected during the ac- 
quisition process. Such target characteristics as in- 
tensity, size, atid color, which are often important for 
the search-system display, are unimportant for a tracker 
display. However, they are extremely useful for facili- 
tating continuous tracking of the proper target, as 
opposed to secondary or false targets in the background. 
A good tracker has good discrimination capabilities. 

The differences in requirements between search and 
track equipment usually necessitate differences in 
internal design. In general, good search equipment 
gives relatively poor tracking information, and a good 
track set can usually search only at a very low rate. 
Because of the size and complexity of radar apparatus, 
it has ordinarily been necessary to produce airborne 
equipment capable of performing both functions by 
changing the mode of operation. This usually results 
in compromising the performance of the individual 
functions. However, because of the small size of infra- 
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red equipment, an installation requiring both the 
search and the track functions can often afford the 
luxury of two pieces of specialized equipment. Sep- 
arate search and track equipment has, of course, the 
added advantage that a search can be made for addi- 
tional targets while one target is being tracked. 


INFRARED INFORMATION TECHNIQUES 


The information processing for IR equipment can 
be done both between the basic optics and the detector, 
and between the detector and the final output signal. 
Eight fundamental types of information-collecting and 
processing systems have been used in equipment built 
and tested by Aerojet-General. Four of these can be 
termed basic, with all possible combinations of these 
giving four hybrid systems. 


Basic Systems 


The simple system involves only the elementary 
optics for defining a field and concentrating the IR 
energy on a detector. Since most IR detectors have 
poor static stability, this scheme is useful primarily for 
detecting rapid changes in IR intensity. The widest 
application is in cooperative systems for IR com- 
munication and modulated-beacon tracking. 

The mosaic system is similar, but with the single 
detector replaced by an array of detectors which use a 
common lens. For the same field of view, both the 
information capacity and sensitivity of the mosaic is 
increased over that of the single detector system. 
However, the high inherent sensitivities which are 
theoretically possible are difficult to realize in practice 
due to the large number of channels required when 
covering a reasonable field with high resolution. The 
use of fewer time-shared amplifiers results in a wider 
band pass with an accompanying reduction in sensi- 
tivity. For noncooperative systems in which a point- 
source target must be distinguished from a background, 
the use of the basic mosaic scheme alone to provide the 
required high-resolution “‘space’’ filtering is generally 
impractical. 

In the scanning spot system, a small sensitive area is 
swept through a pattern to cover the entire field of 
view, as in the early Nipkow mechanical television 
scan. Although they have been used extensively for 
search equipment, the success of the spot systems has 
generally been limited because of difficulty in obtaining 
good “‘space”’ filtering. In order to detect a small IR 
target against large but lower-intensity backgrounds, 
the spot size should be kept equal to or smaller than the 
delivered image of the target, typically of the order of 
0.1 milliradian. To stay within the frequency- 
response capabilities of infrared detectors, the usable 
search rate with this tiny spot then is unacceptably low 
for either search or track applications. To compen- 
sate, practical systems using the simple scanning-spot 
technique must employ relatively large spot sizes with 
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a consequent reduction in sensitivity and background 
discrimination. 

Reticle systems utilize a variable-transmission pat- 
terned filter in front of the detector upon which the 
radiation space ‘‘seen’’ by the equipment is imaged. 
“Space’’ filtering is accomplished through the use of a 
fine two-dimensional reticle pattern which transmits 
exactly 50 per cent of the image-plane energy independ- 
ent of reticle position Since the signals through the 
small individual transmission and blocking areas tend 
to cancel, the reticle when moved or rotated gives no 
net signal from a uniform background but gives full 
signal modulation for the essentially point-source 
targets. Reticle systems alone are usually limited to 
equipment which covers a solid angle of 20° or less, 
generally sufficient for trackers and radiometers but 
small for a search set. Although the detector must 
subtend the entire field of view, sensitivities comparable 
to a scanning spot system can readily be obtained by 
processing the signal to a narrow band pass near the 
optimum detector frequency. 


Hybrid Systems 


In the hybrid systems, the particular advantages of 
the individual basic systems can, to a large extent, be 
combined through careful design. For example, the 
hybrid scanning-reticle system differs from the basic 
scanning-spot system in that the spot is replaced with a 
reticled detector. This provides the advantage of a 
large effective sensitive area combined with a fine 
space patter, desirable for high sensitivity and good 
background space discrimination. There is great 
freedom of choice in information processing components 
and most of the fundamental design requirements for 
both search and track (or dual mode) equipment can 
be met, leading to extensive and successful use of 
scanning-reticle systems. 

The hybrid scanning-mosaic system augments the 
limited search rate capability of the scanning spot 
system by use of a large number of detectors. This 
scheme is useful primarily for nocturnal search equip- 
ment. Application to daylight operation is more 
difficult because of the conflicting desire for good 
“‘space’’ discrimination (requiring fine image resolution) 
over a large rapidly searched field (requiring many 
detectors with individual electronic channels). 

The hybrid reticled mosaic system amounts to a 
multiple version of the basic reticle system. While the 
latter is limited primarily to small-field tracker appli- 
cations, the addition of multiple detectors and asso- 
ciated electronics can provide wide-field equipment 
suitable for use in day or night search and presence 
detection. A major advantage over any scanning 
system, which instantaneously samples only a small 
portion of the angular field, is that of observing con- 
tinuously a large volume of space. 

The scanning-reticled-mosaic system provides the 
largest information capacity, useful for search equip- 
ment when maximum-search field and maximum sup- 
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pression of background gradient are required. A 
common type of this very complex system employs a 
line array of reticled detectors that optically scan the 
field of view in a “‘racetrack’’ pattern. 


Electronic Coding Techniques 


An IR information system produces an electrical 
signal that must contain the required information. The 
signal may be single channeled or multiple channeled. 
If a single information channel is used, a single coding 
of the information may not be sufficient except in 
special one-dimensional cases. For example, a tracker 
requires two-dimensional target location information, 
and good search equipment should provide at least 
four independent coordinates of information. The 
types of coding used include continuous coding with 
amplitude, phase, or frequency modulation; and pulse 
coding by position, number, width, and height. 

In order to provide several coordinates of informa- 
tion over a single electrical channel, either the signal 
must be multiplexed (time-shared modulation) or more 
than one type of modulation must be used simul- 
taneously. For example, in tracking equipment, it is 
common practice for the output to be a sine wave of a 
signal frequency equal to the scanning frequency. 
Two simultaneous codings of the information are 
obtained by modulating the amplitude according to 
the radius vector, and the phase according to the angle 
of the vector in polar coordinates. The angular- 
modulation, pulse-position, and pulse-width types of 


coding have great advantages for fulfilling the im- 
portant “go, no-go” requirements of tracking. 

Because of the characteristics of the IR detector as a 
transducer, pulse height and amplitude modulation are 
used extensively in radiometers and search sets to code 
intensity information. Pulse-position, pulse-width, 
and angular (frequency or phase) modulations are 
often used for the coding of position information since 
such modulations are produced naturally by the usual 
optical-information system. 


CONCLUSION 


As has been discussed, the spectral regions of visible 
light, infrared, and radar are applicable in various 
circumstances for long-range detection of airborne 
targets. Infrared energy offers the only passive 
method, is difficult to countermeasure, and is useful 
both day and night. However, infrared equipment 
cannot ‘‘see’’ through heavy clouds and does not 
inherently provide range data. A wide variety of 
infrared components, techniques, and systems which 
are suitable for the search and tracking functions 
required for modern piloted or automatic aircraft 
control and guidance have been developed in recent 
years. Such equipment is characterized by low power 
requirements, small size, and light weight, and is 
relatively simple and inexpensive. Further exploita- 
tion of the comparatively new infrared technology gives 
promise of appreciable increases in sensitivity and 
range in the future 
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The various steps involved in an actual 
pressure controller system design and 
the method of selection of system 
elements based upon electronic, 
hydraulic, thermodynamic, and other 
processes are discussed. 


Rocket Test Stand Pressure Controller Design 


A TYPICAL HIGH-PERFORMANCE pressure control 
systein is shown in Fig. 1. This system involves the 
use of pressurized helium or nitrogen as an upstream 
pressure source for controlling the flow of liquid oxidiz- 
ers and fuels, say to rocket thrust chambers which are 
under test. 

The basic components of the pressure control system 
include: a pressure reducing valve which is to be con- 
trolled such that the pressure over the fuel or oxidizer is 
constant during the changes in both supply pressure 
and load requirements; a pressure sensing device for 
generating a signal in proportion to the actual pressure; 
a controller for modification of the pressure signal as is 
usually required in a high-performance system; and a 
positional servosystem which adjusts the pressure re- 
ducing valve as commanded by the controller. 

A considerable amount of analysis is necessary in 
order to properly represent the mathematical model of 
the overall system. The fluid flow equations, for ex- 
ample, are very complex as well as nonlinear primarily 
because a gaseous compressible medium is involved as 
the driving source. After simplification of the non- 
linear equations, the resulting mathematical model 
must be examined to establish the functional require- 
ments of the basic system building blocks such that the 
static and dynamic behavior of the overall system will 
be within the tolerances allowed in the system specifica- 
tions. The final step is the conversion of the functional 
requirements into component selection and/or design 
and fabrication. It is the purpose of the following to 
illustrate these various necessary steps in the develop- 
ment of a pressure control system. 


ANALYSIS 


The following analysis mathematically identifies the 
system (Fig. 1) to be controlled by considering the flow 
characteristics of the pressure reducing valve, the ther- 
modynamic condition of state of the inert pressurizing 
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gas, and the magnitude of the operating point of liquid 
propellant flow (from the base of the pressurized tank). 
Following this, the dynamics of the reducing valve 
positioning servo and the possible dynamics of the 
controller are considered. 

The equations describing the characteristics of the 
various portions of the system are quite nonlinear. 
Such equations do not lend themselves to the analytical 
considerations of system dynamics; machine methods, 
although capable of solving the nonlinear equations, 
converge on a proper solution only after the application 
of considerable “hunt & peck” techniques. The latter 
procedure is not initially desirable since it fails to pro- 
vide a sound basis of understanding of the dynamics of 
the system. To simplify the problem of analyzing 
the dynamic behavior of a system characterized by 
many nonlinear equations, each of the equations de- 
veloped will be linearized about assumed operating 
points. All of the system variables will be viewed as 
total quantities comprised of the sum of steady-state or 
operating point values and perturbation quantities. 
Throughout the analysis the total quantities will be 
designated by capital letters, the operating point values 
(constants) by ‘‘zero’’ subscripts, and the perturbation 
quantities by lower case letters. To insure satisfactory 
performance at all operating points, the dynamic be- 


Fic. 1. Typical pressure control system. 
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havior must be checked at several intermediate points 
representing extremes of the several variables involved. 


Weight Flow 


The weight rate of flow of the compressible fluid 
(inert gas) through the pressure reducing valve for the 
non-critical (subsonic) flow condition can be shown to 
be of the form 


W = KX.VPAP, PS (1) 
where 
W = weight rate of flow (Ib./sec.) 
X, = pressure reducing valve displacement (in.) 
P, = upstream inert gas storage or supply pressure 
(psia) 
P, = desired downstream inert gas pressure (psia) 
K = lumped proportionality constant, including 


weight density of flowing fluid, ratio of valve 
opening to maximum displacement, adia- 
batic gas constant effect, etc. (in./sec.) 


For critical flow, P, < P,/2 the weight rate of flow is 
independent of P, and Eq. (1) reduces to W = KX ,P,/2. 

Eq. (1) is nonlinear in that both products and expo- 
nents are present; the weight rate of flow, however, isa 
function of three variables—i.e., 


W = W(X, P)) (2) 


and the first order Taylor’s series expansion of the per- 
turbed flow reduces to 


w= (OW/O0X,)x, + (OW/OP2)p2 + 


(OW/OP;)p: (3) 


The term /; in Eq. (3) represents a perturbation of the 
supply pressure which may be neglected since the decay 
of the storage pressure P; is extremely slow compared 
to the time variations (and hence magnitudes) of the 
perturbed quantities w, x,, and p:». Thus 

w= 


W.x, — (4) 


& 
Il 


a small change in the weight 
rate of flow (Ib./sec.) 

the slope of the curve of 
weight flow through the 
pressure reducing valve vs. 
the valve displacement at 
given operating point Wo 

the slope of the curves of 
weight flow through the 
valve vs. desired down- 
stream pressure at the 
given operating point Wo 


= 
ll 


(OW/OX)o 


W, = —(OW/OP2)o 


A second weight rate of flow expression is available 
from the characteristic equation of a gas: 


= N2RT>» (5) 


where 
V. = the volume of inert gas maintained at the 
desired pressure (cu.in.) 
Nz. = the weight of inert gas maintained (Ib.) 
T; = the temperature of the inert gas maintained 
(°R.) 
R = the gas constant (in./°R.) 
Eq. (5) may be differentiated with respect to time to 
obtain 


P»(dV2/dt) V2(dP;/dt) = RT.(dN2 ‘dt) + 


RN.(dT2/dt) (6) 


Runs of short duration do not materially decrease the 
initial temperature of the gas; therefore, the derivative 
(dT>2/dt) is assumed negligible. Noting that the quan- 
tity (dN2/dt) is identical to W of Eq. (1), Eq. (6) may be 
written 


W = (1/RT2)[P2(dV2/dt) + V2(dP2/dt)] (7) 


Substituting the sum of steady-state operating values 
and the corresponding perturbations of the variables 
in the above and eliminating the products of perturba- 
tion quantities, the perturbed weight rate of flow ex- 


pression becomes 

1 dv2 (< 
—— — 8 
RT,, | at + po dt (8) 


Liquid Propellant Flow Rate 


w= 


An additional expression, necessary to describe the 
system process, must relate the liquid propellant ex- 
haust flow to the gaseous flow expressions previously 
derived. The propellant flow may be expressed: 


Q = (dV2/dt) = CAV (2/p)(P2 — Ps) = 


KeAVP: (9) 
where 

Q = volumetric flow rate (in.?/sec.) 
Cc = effective orifice coefficient 
A = exhaust orifice effective area (in.?) 
p = mass density of fluid (Ib. sec./in.*) 
P, = upstream fluid pressure (psi) 
P; = exhaust pressure (assumed zero) 
Ke =CV 2/p = lumped constant (in.?/Ib."/? sec.) 


Fluid compressibility is not considered here since its 
effect would be overshadowed by the dominant dynami- 
cal contribution of the highly compressible gas pressure 
source. Fluid inertia and viscosity are also disregarded 
for similar reasons. 

Eq. (9) may be linearized to form 


q = + Cope (10) 
where 
Ca = (0Q0/0A)o (in./sec.) 
Cp = (0Q/OP2)o (in.5/Ib. sec.) 
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Fic. 2. Block diagram, electrohydraulic actuator. 
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Block diagram, pressure controller system. 


Fic. 3. 


and combined with Eqs. (4) and (8) to result in a single 
expression relating the pressure to be controlled, the 
valve displacement which provides the means of con- 
trolling the pressure, and the fluid exhaust orifice area 
which provides the “‘load’’: 


(7%) W 4 4 
RT», a Pp RT» 
_ dbz Vo 


(11) 


Eq. (11) may be placed in a more readily recognized 
form by substituting new constants for the several 
terms and by performing the LaPlace transformation: 


pe = [—(1/K,)/(rps + 1)]-(W.a — W,x,) (12) 


where 


P»,C,/RT2, (Ib./in.? sec.) 

K,= |W. + RT., + RT, (in.?//sec.) 
t = K,/K, (sec.) 

K, = V2,/RT>»,  (in.”) 


Valve Servodynamics 


Evaluation of the time constant 7, for many high- 
performance systems reveals the need for a pressure 
reducing valve servosystem having a relatively high 
velocity and having a capability of exerting appreciable 
forces simultaneously. Such circumstances eliminate 
from any consideration the application of conventional 
air or electric motor driven valves. Electrohydrauli- 
cally powered valves are the only means presently 
available for meeting the usual requirements. A satis- 
factory mathematical expression for the dynamics of an 
electrohydraulic actuator system (Fig. 2) in this appli- 
cation is: 


x, = (1 ‘K,) {1 ‘(rps + 1) Je, (13) 
where 
x) = output displacement (in.) 
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€, = input voltage (volts) 

K, = feedback potentiometer gain (volts/in.) 

tT, = A,/K4K,C; (sec.) 

A, = effective actuator piston area (in.*) 

K.4 = amplifier voltage to current gain (ma/volt) 
C; = electrohydraulic valve gain (in.*/sec. ma) 


Eq. (13) neglects the effect of actuator load variation 
(with controlled valve displacement), oil compressi- 
bility, and load inertia since experience has shown that 
these effects are negligible in systems of the type under 
consideration. 

If a pressure-to-voltage transducer is provided with 
the characteristics 


ep = —Krpe (14) 
where 
€p = output voltage of transducer 
pb: = controlled pressure (psi) 
Ky = transducer gain (volts /psi) 


a basic pressure controlled system could be represented 
by the block diagram of Fig. 3. The block labeled 
“Controller” is, as yet, unidentified and will supply the 
overall system with whatever gain or dynamic charac- 
teristic is dictated by the remainder of the system. 


SYSTEM COMPONENT SPECIFICATION 


To this point, consideration has been given only to 
the development of the equations which might be com- 
mon to all pressure control systems. The application 
of these equations to a system design will now be out- 
lined. 

In the block diagram of Fig. 3 the blocks W, and 
W, are determined by the choice of the pressure reduc- 
ing valve. These valve characteristics are dictated by 
the maximum desired flow rate of pressurizing gas and 
the minimum pressure drop across the valve which will 
result in this flow. The valve may, therefore, be con- 
sidered part of the ‘‘fixed’’ system to be controlled. 
The elements of the overall system available to the 
designer for exercising control of the pressure pz» are 
the feedback transducer K,, the Controller, and the 
hydraulic servoactuator. 


Electrohydraulic Servo 


The area of the piston used to drive the pressure re- 
ducing valve is based upon the maximum expected 
unbalanced load reflected by the stem in the pressure 
reducing valve and the hydraulic oil pressure available 
for the actuator. With the area so fixed, the next 
specification sets the maximum velocity which will be 
required of the servopiston, for it is this information 
which dictates the maximum flow required of the elec- 
trohydraulic transfer valve which meters the hydraulic 
fluid to the piston (methods of establishing the velocity 
limit are discussed later). In general, the time con- 
stant (r,) of the hydraulic servo is chosen to be quite 
small compared to the time constant of the process (75 
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in this case) to achieve fast response without undesirable 
oscillations. The number of milliamperes in the trans- 
fer valve to achieve full flow, the gain of the amplifier 
driving this valve, and the gain of the piston position 
feedback potentiometer combine with the above piston 
area to establish the ‘‘time constant.’’ The distribu- 
tion of these gains between the transfer valve, the am- 
plifier, and the feedback potentiometer is best estab- 
lished when the other parts of the control elements 
have their functional requirements outlined. 


Pressure Transducer 


The pressure transducer is the device which converts 
a pressure to a proportional signal for use in the re- 
maining controlling elements. In some applications 
the pressure transducer measures the total pressure to 
be controlled. The signal generated by it is compared 
with a “‘set-in’’ or command signal, and the difference 
is utilized by the remaining controlling elements to 
reduce the difference to acceptable values. In other 
applications the pressure transducer measures the dif- 
ference between the pressure to be controlled and a 
reference pressure held in a small pressure vessel. The 
choice of method and transducer requires consideration 
of transducer response time, hysteresis for both large 
and small variations of pressure, pressure overload 
range without damage, electrical characteristics, and 
stability of characteristics with environmental changes. 

The response time must be quite small compared to 
the servo and pressure time constants to avoid the pos- 
sible instability problems associated with achieving 
high performance. Conventional passive transducers 
designed for high-pressure operation (using diaphragms 
instead of bellows) have time constants which are often 
negligible when compared with the remainder of the 
system. Some active (force balance) types of pressure 
transducers have very finite time constants and may not 
be suitable in many systems. 


The hysteresis of the transducer has considerable 
bearing on the performance of the overall system in 
that the system may easily oscillate through a pressure 
range of two or three times the pressure hysteresis 
range. Manufacturers of pressure transducers usually 
quote linearity and hysteresis as a percentage of the 
total range because their devices are most often con- 
nected to pressure indicators. Such information is of 
little value to the controlling system designer interested 
in high performance with stability since the control 
systems operate about a certain commanded point. 
The hysteresis as a percentage of pressure deviation 
amplitude is the type of information having meaning 
to the control system designer. The hysteresis in 
transducers, due primarily to sliding friction, usually 
remains near the given percentage of maximum range. 
Whereas the hysteresis in other transducers, not due 
to sliding friction, is much closer to being a constant 
percentage of the pressure variation. 


Pressure control systems of the type under considera- 
tion operate to reduce a higher pressure source to a de- 


sired pressure. If certain components of the pressure 
installation fail to perform as desired, it is possible to 
impress full source pressure on the pressure transducer 
with possible damage resulting (particularly if the 
transducer is of the differential type). Overpressure 
safety devices can be employed to reducé this hazard, 
but, if the safety devices have to be set very close to the 
pressure being controlled, it is possible to initiate large 
amplitude oscillations caused by dynamic coupling 
between the safety devices and the pressure controlling 
system. Many manufacturers now guarantee their 
specifications as valid following 100 per cent pressure 
overload. 

The nature of the electrical output signal dictates the 
character of the controlling elements connecting the 
pressure transducer to the servoactuator. The four 
most common devices for conversion of a bellows or 
diaphragm deflection to an electrical quantity are the 
strain gage, the potentiometer, the “E’’ transformer, 
and the variable reluctance type. The first two are 
frequently used in d.c. systems while the latter two are 
used only in a.c. systems. The strain-gage type is de- 
sirable from the accuracy, response time, and sliding 
friction points of view but does suffer from relatively low 
output. The potentiometer, on the other hand, has a 
relatively high output, but the hysteresis as a percent- 
age of a small deviation is usually quite high. The 
a.c.-type units usually have higher outputs than do 
strain-gage types, but a source of high frequency volt- 
age is needed to excite them. The choice of transducer 
output must take into consideration the type of power 
available, the type of controllers available, and, of 
course, the dynamic requirements dictated by the over- 
all dynamic system requirements. 


When attempting to control a pressure at a given 
point in a system, it is important that the transducer 
measure the pressure statically and dynamically. 
Transducers are therefore frequently mounted directly 
at the point to be controlled to avoid the time delays 
which could exist in piping the pressure signals to a 
remotely located transducer. In such locations, they 
are frequently subjected to severe vibration, tempera- 
ture, and humidity variations. Assurance should be 
gained that the transducer will stay within the required 
performance specifications over the complete range of 
expected environmental conditions. 


General Controller 


The controller is the remaining item needed to make 
a complete pressure control system. It may be a 
simple proportional-only controller in which the elec- 
trical signals generated by the pressure transducer are 
merely amplified or attenuated before being sent to the 
servoactuator; or it may be relatively complex with 
provisions for integration, proportion, and rate, as well 
as a host of other provisions which are found to be neces- 
sary or desirable for some particular installation. 

The relative complexity of the controller is best es- 
tablished by dynamic analysis of the remaining por- 
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tions of the control elements combined with the system 
to be controlled. 


Single-Mode Controller 


If the controller is initially assumed to pass the pres- 
sure signal without modifications,* the transfer func- 
tion relating the controlled pressure 2 to the down- 
stream liquid valve area, a, can be written in the form 


pe —(W, K,) [s + (1 t.)] 

— s) = —— 5 

a (s + + (15) 
where Zon = [(rp + 


wn? = + 


The majority of systems require that there be no tend- 
ency for oscillatory behavior following a disturbance. 
Consequently, if the damping term, ¢, in the charac- 
teristic equation of Eq. (15) is set to unity, the transfer 
function may be simplified to the form 


(p2/a)(s) = —(W./K,) {[s + (1/72) ]/(s + wn)?} (16) 


The steady-state gain (letting s = jw = 0) is seen to be 
equal to W,/K,r,w,”. This gain represents the droop 
in pressure from the desired pressure level for each unit 
of liquid valve orifice area after all transients have sub- 
sided. The entire transient variation in pressure fol- 
lowing a sudden change in ‘‘load’’ is given by the in- 
verse transformation of Eq. (16), or 


A.W, 1 — | 
K, T 


The transfer function relating the control valve dis- 
placement and the load is 


(x, ‘a)(s) = (K-W, K,K,7p7») [1 (s + Wn)? (18) 
and the valve transient response to a sudden change in 
load Apo is 


x,(t) 
The magnitude of load change which can be tolerated 
without deteriorating the performance dynamically 
due to servo positional or velocity saturation is obtained 
from Eq. (19) and its derivative respectively. If 
normal variations in load are found to cause the servo 
to velocity saturate appreciably, the simplest method of 
establishing the effects is through the use of the analog 
computer. This is particularly true when attempting 
to consider the nonlinearities in the system controlled 
by the more complex type of controller. 


9 


(19) 


Three-Mode Controller 


If the pressure droop of Eq. (17) is excessive or if the 
transient response indicates that the pressure does 


* Unity gain and zero dynamics in the ‘‘Controller”’ block of 
Fig. 3. 
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not reach the minimum level in a sufficiently short time, 
more complex techniques need to be applied. The 
droop could be greatly reduced if the gas valve posi- 
tion versus the fluid valve position for zero droop were 
known at all the desired pressure levels. Then the pres- 
sure control system would have only to take care of the 
residual errors. However, the complexity of the equip- 
ment needed to program this would greatly exceed that 
of other available techniques. A theoretically more 
desirable technique involves the increase in proportional 
gain (to reduce the droop) and the utilization of rate 
feedback to dampen the oscillatory system created by 
increasing the proportional gain. The rate scheme, 
however, has a fundamental drawback in systems that 
show velocity saturation of the servos in that, if a sud- 
den disturbance should cause velocity saturation, the 
rate signal would become ineffective through the servo, 
and the system would operate as if the higher propor- 
tional gain existed alone. Faster servos could be ap- 
plied to the system, but the costs become prohibitive 
before appreciable improvement in performance is 
realized. The single scheme which permits (theoreti- 
cally) the elimination of droop without effecting the 
stability or without adding complex and expensive 
equipment is integration. Integration circuits can 
provide very high steady-state gains to practically 
eliminate all measurable droop without increasing the 
gain at the frequencies which the overall system would 
tend to oscillate with proportional gain increase alone. 
A small amount of rate may then be applied to increase 
the stability of the system for relatively small pertur- 
bations in pressure without creating a poorly damped or 
unstable oscillation if a disturbance should cause satur- 
ation of the servo. 

There are two generally acceptable methods of de- 
termining the proper amount of integral, proportional, 
and rate gains in a three-mode controller. One scheme 
involves “‘tuning’’ the system plus controller by dis- 
turbing the system and adjusting first the proportion, 
then the integral, and finally, the rate gains until the 
disturbances demonstrate satisfactory performance. 
If the cost of running the system is not excessive, an 
experienced person can tune a system at a relatively 
small cost. High-pressure control systems, however, 
are often limited to operations of relatively short time 
intervals, and the cost of running can easily exceed the 
cost of adjusting the gains by other means. 

The transfer function of a practical controller gener- 
ating the sum of integral, proportion, and rate is 


_ mimKe [s+ 
(s) = + (20) 


T3 
The terms A,, 7, and 72 result from the combination of 
the three modes. The term 1/73 is usually added in 
quality equipment to reduce the noise and response of 
the overall system at frequencies higher than the band 
of interest. The term K, is the controller gain and may 
be considered to include the pressure transducer gain 
Kr. 
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Fig. 4 contains the Bode diagrams of the open-loop 
transfer function x,/a (considering the servo as dis- 
connected from the valve) without rate or integration 
(dotted lines) and with rate and integration (solid lines). 
At low frequencies (corresponding to slowly changing 
loads) the controller is seen to provide more gain than 
the proportional-only type of controller while at the 
mid-frequencies between 1/7, and 1/7, the gain is seen 
to be quite close to that of the simple controller. At 
the high frequencies, the gain is caused to increase 
again between the frequencies 1/7. and 1/73. The low 
frequency gain is adjustable by controlling the position 
of 1/7; (integration control) while the high frequency 
gain between 1/72 and 1/7; is established by controlling 
the position of 1/72 (the rate control). The term 1/7; 
is usually added a decade or so above 1/72 to prevent 
interference with the rate action. 


CONCLUDING REMARKS 


Certain basic criteria have been presented in the fore- 
going analysis. These criteria, although not necessar- 
ily applicable to all pressure control loops, have proved 
valuable as guides in the design of systems similar to 
the one described. Modification of the techniques 
employed will be dictated by the severity of the oper- 
ating conditions, the complexity of the system, and the 
degree of control optimization required. 

The method of approach to this and similar problems 
has been the prime intent of this paper. Analytical 
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techniques have been emphasized, but it should not be 
construed that analog computer solutions can be dis- 
regarded. The analytical methods usually provide 
orders of magnitude only of the system parameters 
which may be adjusted; critical design factors are 
also indicated by “‘hand’”’ methods—.e., regions requir- 
ing closer scrutiny. The final optimization should be 
obtained from analog computer transient data when- 
ever possible with the dominant discontinuous type 
nonlinearities (hysteresis, velocity saturation, position 
saturation, etc.) of the system included in the computer 
setup. 


S services. 


sired, from the Special Publications Dept. 
bers and nonmembers. 


IAS SCRIP COUPONS 


|AS SCRIP COUPONS may now be used as payment for preprints, dues, subscriptions, and all other 
This method will save you from writing checks, sending money orders or cash. 
Sheets of 5- and 25-cent coupons are available in book form of $5, $10, $25, or any amount de- 
Scrip may be ordered by foreign and domestic mem- 


No. FF-19 
Aeronautical Lecture 
Member Price $0.75 
No. FF-18 
Breslin 
Member Price $0.75 
No. FF-17 Atomic Reactors (a symposium) 
Member Price $1.25 
No. FF-16 
Member Price $0.75 
No. FF-15 


IAS PUBLICATIONS AVAILABLE 
Combustion—An Aeronautical Science by H. W. Emmons, The 1958 Minta Martin 


On the Main Spray Generated by Planing Surfaces by Daniel Savitsky and John P. 


Nonmember Price $1.25 


Nonmember Price $1.25 


Nonmember Price $1.75 

Inertial Guidance by W. Wrigley, R. B. Woodbury, and J. Hovorka (This is a revised version 
of IAS Preprint No. 698, presented at the IAS 25th Annual Meeting, now out of print.) 
Nonmember Price $1.25 

Some Concepts and Problem Areas in Aircraft Flutter by |. £. Garrick, The 1957 Minta 


Martin Aeronautical Lecture 
Member Price $0.50 


Nonmember Price $1.00 


ime, Lo 10 
Osi- 
0 o}----- < = 

1 | | 
| 
ul = 
at ao 
—— — -——+4+—- — 
‘me, FIG. 4 
sud- 
the 
Or- 
? 
ap- 
i 
eti- 

the 

ally 
the 
uld 

ase 

or 
ur- 

de- 

me 

the 

ely 

me 
the 

20) 

i 

of 

ay 
i 

May 1958 + Aero/Space Engineering 77 


The increasingly severe vibration environments encountered in high-performance 


aircraft and missiles, together with more stringent reliability requirements, 
have focused attention on the relatively new field of random vibration testing. 


Random Vibration Testing 


for Evaluation of Electronic Components 


for Aircraft and Missile Environments 


i SEVERE VIBRATION environments in 
high-performance aircraft and missiles, together with 
more stringent reliability requirements, have focused 
increasing attention on the relatively new field of ran- 
dom vibration testing. Conclusive test results depend 
on empirically matching, through proper equalization 
procedures, the random vibration equipment to the 
component under test and the prescribed environmental 
specification. 

Sinusoidal testing, of course, simply requires mount- 
ing a test item on the exciter and turning up the vibra- 
tion. Such a procedure in random vibration testing, 
however, will not reveal either the characteristics of the 
vibration test or the extent to which the item has been 
tested at the frequencies to which it is most sensitive. 
Variations in vibration immunity are especially true of 
electromechanical devices and electronics packages 
which contain such sensitive components as relays and 
vacuum tubes. It is quite possible that an item sub- 
jected to an unknown random test might fail at 1 
G r.m.s. but pass a known and controlled random test 
of 10Gr.m.s._ It is evident, then, that the total r.m.s. 
G random vibration level does not provide a reliable 
standard for the test. Since random vibration is com- 
posed of many component frequencies of randomly 
varying amplitude and phase, it cannot be described as 
the level of the sum of all these components; it must be 
described by the contribution of each component in 
forming the total level. 


CHARACTERISTICS OF RANDOM VIBRATION 


It can be shown mathematically that any random mo- 
tion may be described by a series of sinusoidal compo- 
nents, each occurring at its own frequency and ampli- 
tude. Since the amplitude of each component is not 
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constant but has a normal or Gaussian distribution of 
instantaneous accelerations, it is convenient to express 
the level of the component in terms of its root-mean- 
square value. The Gaussian distribution means that 
the probability of occurrence of instantaneous accelera- 
tions is such that the acceleration will be less than the 
r.m.s. level 68 per cent of the time, less than twice the 
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Fic. 2. Typical response curve 
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r.m.s. level 95 per cent of the time, and less than three 
times the r.m.s. level for £9.7 per cent of the time. 

Describing the random motion in terms of its com- 
ponents leads to a property of vibratory motion called 
the ‘acceleration density’’ which, when plotted as a 
function of frequency, gives a more precise picture of 
random motion. The equation for acceleration density 
is 


G = Limit (a?/B) 
B—0 


where a is the root-mean-square of the random accelera- 
tion, B is the bandwidth or range of frequencies under 
consideration, and G is the acceleration density in units 
of g’/cps. If the bandwidth, B, is made to approach 
zero cps, the acceleration density given by the equation 
is that of a single component frequency. A plot of the 
acceleration density of each component frequency gives 
a g°? cps versus frequency curve for the frequency 


spectrum of interest and is known as the ‘‘Power Spec- 
tral Density” curve. It is apparent that a complete 
description of a random vibration test requires a speci- 
fication of the power spectral density (PSD) to be used. 
When the PSD is flat (that is, all frequency compo- 
nents are present at equal level), the random motion is 
referred to as ‘“‘white noise.” 

The total r.m.s. vibration level represented by a par- 
ticular PSD may be determined by the equation 


Gr.m.s. = \ (g2/eps) (Af) 


where g’/cps is the acceleration density of each fre- 
quency component, f; and f2 are lower and upper limits 
of the frequency spectrum under consideration, and 
G r.m.s. is the total r.m.s. level of the random vibration. 
This equation simply states that the total r.m.s. acceler- 
ation is equal to the square root of the area under the 
power spectral density curve. The total r.m.s. accel- 
eration indicated by the PSD of Fig. 1 is 


Gr.ms. = V [0.1 g’/eps X (120 — 20) eps] + [0.05 g’eps X (2000 — 120) cps} 


Grm.s. = V 10g? + 94g" = 10.2 


CHARACTERISTICS OF A RANDOM VIBRATION SYSTEM 


The response characteristic of a random vibration 
system is not flat but is shaped as in Fig. 2. Frequen- 
cies f; and f: are the electrical and mechanical resonances 
of the vibration exciter and will change as the mass load 
on the exciter is changed. If a white noise spectrum or 
any other particular PSD is desired in a test, the sys- 
tem transfer characteristic must be shaped or 
“equalized’”’ to produce the desired PSD from a white 
noise input voltage. The inass-loading effect of the test 
item on the exciter is not the only consideration in 
equalizing the system for a test. The effect of a large 
test item and fixture with several resonances must also 
be considered (see Fig. 3). If one or more of the large 
peaks coincides with critical frequencies in an electronics 
package, the item will be very seriously overtested. 
Experimental investigation indicates that if the com- 
ponent wére tested on the basis of an unequalized PSD 
such as in Fig. 3 and assumed to have been tested by 
white noise, it might have been overtested by a factor 
as large as 20 to 1 at some frequencies. 


In order to perform a random vibration test of known 
characteristics, the test item (or a facsimile) and its 
fixture must be mounted on the exciter and the shape of 
the unequalized PSD determined. The transfer char- 
acteristic of the system is then shaped by equalizing 
equipment to give the desired response as indicated by 
the PSD in the test specification. This equalization 
procedure requires several hours for each direction in 
which the test item is to be vibrated. The time re- 
quired for setup, of course, means that a last-minute re- 
quest for a new random vibration test cannot be filled 


RELATIVE RESPONSE 


FREQUENCY CPS 


Fic. 3. Typical response of a random vibration system when 
driving a resonant load. 


Fic. 4. Personnel conduct a vibration test of an inertial 
guidance component at the Vibration Laboratory of Lear’s 
Grand Rapids facility. 
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with a test of known characteristics. If an unequalized 
test is conducted, nothing is revealed except the total 
r.m.s. acceleration level, and any evidence of vibration 
immunity in the test item cannot be conclusive. 

A “standard” equalization may be established for use 
with small test items having resonances which are not 
too severe. This standard equalization may be used in 
cases where the ‘‘mass-resonance’’ product is small, 
compared with the mass of the exciter moving element. 
If this relationship exists, the effect of the resonating 
mass on the PSD is small and may be ignored. ‘‘Mass- 
resonance”’ product is defined as the mass of the resonat- 
ing element, multiplied by the ratio of the unit vibra- 
tion to the input excitation at the resonant frequency. 
A mass-resonance product equal to one-third the weight 
of the moving element will produce a deviation of the 
level of the PSD at the resonant frequency of about 
10 per cent. 


Standard practical limits must be set up when de- 
signing random vibration test equipment; hence the 
unlimited peak amplitudes of a true Gaussian distribu- 
tion cannot be realized. The accepted standard for 
random vibration systems is a capacity to produce peak 
accelerations equal to three times the rated r.m.s. 
output. This means that 99.7 per cent of a true Gaus- 
sian distribution may be realized. Assuming a system 
with a maximum r.m.s. output force of 2,500 Ibs. and 
a moving element weight of 72 lbs., the maximum 
(empty table) output acceleration is 34.7 G r.m.s. 
The maximum output acceleration obtainable with a 
load on the table is 


G r.m.s. = 2,500 Ibs./(72 Ibs. + X) 


Inertial Navigation Systems (Continued from page 65) 


where the 2,500 Ibs. is the rated r.m.s. output force of 
the exciter, the 72 Ibs. is the weight of the exciter arma- 
ture, and X is the weight of the test item and fixture. 
Assuming a white noise spectrum, the maximum ac- 
celeration density obtainable is 


g’/eps = G? r.m.s./B 


G r.m.s. is the maximum r.m.s. output acceleration and 
B is the bandwidth of the desired frequency spectrum. 

Let us suppose that an item with fixture of total 
weight equal to 28 Ibs. is to be tested. The frequency 
spectrum covers a range of 20 to 2,000 cps. What is 
the maximum white noise acceleration density that can 
be used? The maximum r.m.s. acceleration is equal 
to the r.m.s. rated output force (2,500 Ibs.) divided by 
the total weight, armature plus test item, to be vibrated 
(100 Ibs.) and is 25 G r.m.s. The maximum white 
noise acceleration density equals the square of the 
maximum r.m.s. acceleration (25 G r.m.s.) divided by 
the bandwidth (1,980 cps). The maximum white 
noise acceleration density to which the item may be 
tested is then 0.316 g?/cps. Since the maximum ac- 
celeration density is inversely proportional to band- 
width, it is possible to obtain a larger g*/cps level by 
reducing the bandwidth and running the test in two or 
three parts to cover the total desired spectrum. 

All questions and points of interest pertaining to 
such a specialized field of investigation as random vibra- 
tion testing cannot, of course, be covered in the space 
available. An increased appreciation for the necessity 
of proper testing techniques, however, may be realized 
from an increased familiarity with the complexity of 
random motion. 


For the longitudinal-vertical channel coupling it is 
found that: 


(1) The coupling tends to reduce the error for short 
flight times although a divergence of range error exists 
eventually which is similar to that which would be found 
in the “‘uncoupled”’ treatment. 


(2) Some method of obtaining vertical velocity, as 
well as radius information, is desirable in order to limit 
the radius error and therefore the range error for flight 
durations where the divergence rate becomes critical. 


This time for divergence varies from one-half hour to 
one hour for the cases considered here. 

For more general cases where a hypersonic flight in- 
volves long-time steady accelerations (or decelerations), 
expressions similar to those of the constant velocity 
example result, and an extra term proportional to for- 
ward acceleration appears in the error responses. 

In conclusion it appears that inertial navigation sys- 
tems for hypersonic aircraft can be analyzed relatively 
simply in spite of the coupling effects which must be 
considered. 
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A description of the Model 120 
automatic navigation and 
flight control system. 


Advanced Doppler Navigation 


for the U.S. Army 


J. R. Iverson 


Ryan Aeronautical Company 


Aen Doppler-type airborne navigation 
equipment has rapidly assumed a prominent role in mil- 
itary and civilian aviation. The increased complexi- 
ties of modern aircraft operations have demonstrated 
the inadequacies of existent navigation techniques; 
particularly from a military standpoint, current tech- 
niques suffer severe limitations. For example, celes- 
tial navigation requires good visibility and time-con- 
suming calculations; radio aids require extensive 
ground stations which are not secure during wartime; 
radar map matching has obvious limitations over the 
sea and other areas void of prominent radar characteris- 
tics; and traditional dead reckoning utilizing true air 
speed and wind estimates is subject to large errors. 

The advent of self-contained Doppler ground-speed 
sensors has made accurate dead-reckoning navigation a 
reality. Dead reckoning is a navigation technique 
based on computing the present position by continuous 
integration of aircraft velocity from the last position 
fix. The accuracy of this method has previously been 
limited because of inaccuracy of ground-velocity data. 
Present position is necessary to determine other impor- 
tant navigation information such as course and distance- 
to-destination. These computations, made automati- 
cally, continuously, and accurately, reduce the naviga- 
tion problem to a simple reading of indicators thereby 
relieving the pilot and crew for other functions. Dop- 
pler systems find application in a variety of jet- and 
propeller-driven aircraft, helicopters, airships, and some 
missile types. 

The Model 120 automatic navigation and flight con- 
trol system for U.S. Army fixed and rotary-wing aircraft 
is described in this paper. 


DESIGN FEATURES 


Security classification has recently been removed 
from Doppler systems and the many diverse approaches 
followed by Doppler equipment developers have been 


Mr. Iverson is Assistant Group Engineer in the Systems 
Analysis Section of the Electronics Division. 


revealed. The Ryan Aeronautical Company, Elec- 
tronics Division, has developed a family of advanced 
lightweight ground-velocity indicators and navigators 
which are simple, reliable, and available. The Model 
120, an advanced integrated navigation and flight in- 
strumentation system for U.S. Army aircraft, is char- 
acterized by the following major design features: 

(1) Continuous-wave transmission is used since it 
permits the most reliable, the simplest, the most light- 
weight, and accurate system. Additionally, it is in- 
herently suited to operation at the very low altitudes 
encountered in ‘‘nap of the earth’’ operations as well as 
altitudes in excess of 70,000 ft. 

(2) The antenna system is rigidly fixed to the air- 
craft and data stabilization is used. The advantages 
over a mechanically stabilized antenna system are: 
higher reliability, lower installed weight, smaller air- 
craft cutout area, lower volume, lower power consump- 
tion, ease of calibration, and greater attitude coverage. 

(3) A two-beam antenna system is used for normal 
navigation since this allows the most lightweight and 
smallest system. Additional radar beams are employed 
in rotary-wing applications where vertical speed indica- 
tions and hovering capabilities are required. 

(4) A direct-to-audio detection system is used on the 
basis of extensive practical experience to achieve reli- 
ability, simplicity, minimum practical weight, and 
maximum practical sensitivity under anticipated en- 
vironmental conditions. 

(5) Ratio-type a.c. analog computers are used to 
accomplish the required computations in a minimum of 
space and weight. They provide high accuracy and a 
minimum of field adjustments. 


DESCRIPTION OF THE MopEL 120 


The Model 120 automatic navigation and flight 
control system comprises a Doppler ground-velocity 
sensor, navigational computer, heading and vertical 
references, a dead-reckoning position indicator, and an 
integrated flight-attitude instrumentation system. It 
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Fic. 1. Pictorial block diagram of the continuous-wave, 


Doppler-type, airborne ground velocity indicator employed in the 
Model 120 navigation system. 


is a lightweight, self-contained airborne system suitable 
for fixed and rotary-wing U.S. Army aircraft. It auto- 
matically, continuously, and accurately computes and 
displays ground speed, drift angle, ground position, 
ground track, wind speed and direction, course- and 
distance-to-destination, aircraft attitude, and heading. 
It operates on a world-wide basis over all types of ter- 
rain under all-weather conditions. This system may be 
used for point-to-point navigation, observation, traffic 
control, approach and landing, and many other special 
missions. 

The Model 120 is an outgrowth of the AN/APN-67 
automatic navigator developed for the Navy Bureau of 
Aeronautics. Research leading toward the APN-67 
development was accomplished by the Navy Research 
Laboratory, starting with a project established in 1933. 
Development of the APN-67 began in 1951 and has 
since led to the current pilot-line production of the 
system. 

The Army’s first self-contained Doppler Navigator, 
the Model 103, was delivered to the Army Electronic 
Proving Grounds, Fort Huachuca, Arizona in October, 
1956. The system was evaluated in an L-20 aircraft 
and has clearly demonstrated the value of this type nav- 
igation equipment in Army aircraft. The second 
Army Automatic Doppler Navigator to be flight tested 
was also developed by Ryan. It is an advanced system 
designated the Ryan Model 108 and was delivered to 
AEPG early in 1958. Model 120 is an integrated system 
which incorporates the Model 108 as the Doppler navi- 
gation equipment. Deliveries of the Model 120 for 
service evaluation will be completed during the second 
quarter of this year. Installations are being made in 


TABLE 1 
Operational Characteristics 
25 to 300 knots 


0 to 45° 
0 to +6,000 fpm, or greater 


Ground speed 
Drift angle 
Vertical speed 


Altitude 0 to 25,000 ft. 

Range At least 500 nautical miles without 
reset 

Attitude +80° pitch and roll 

Accuracy 1 to 2% of distance traveled from 


last fix 
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H-19 and H-34 helicopters and L-20 aircraft. The 
systems will be tested in a variety of missions under all- 
weather and combat conditions to demonstrate the 
value of such systems in Army aircraft. 

The operational characteristics of the Model 120A 
for fixed-wing applications are shown in Table 1. 

The ground-speed coverage of the Model 120B for 
rotary-wing application is — 150 to +300 knots, and the 
drift angle coverage is unlimited. The hovering sensi- 
tivity is set at approximately 1/2 knot which allows a 
very tight hover to be maintained. 

The physical characteristics of the Model 120A are 
shown in Table 2. 

The Model 120B total weight is increased by 15 Ibs., 
the antenna volume is increased by 1/2 cu.ft., and the 
aperture area is increased by 3/4 sq.ft. 


The Doppler ground-velocity indicator employed in 
the Model 120 is illustrated in the pictorial block dia- 
gramin Fig. 1. The weight of the ground-velocity indi- 
cator is approximately 80 Ibs. The receiver-transmit- 
ter radiates two narrow-beams of continuous-wave en- 
ergy; the beams are directed downward, outward, and 
either fore or aft. A portion of the energy radiated by 
the receiver-transmitter reaches the earth and is reflected 
back to the antenna. The aircraft velocity can be 
resolved into components along these beams; therefore, 
the returned energy along each beam experiences a shift 
in frequency directly proportional to this velocity. 
The frequency shift is known as the Doppler effect. 
The Doppler signals are detected in the microwave 
crystal mixers by a direct-to-audio technique which 
requires no intermediate frequency. The detected 
signals from the receiver-transmitter are supplied 
to the signal data converter which automatically 
searches for, acquires, and tracks the signals to 
provide analog outputs proportional to the Dop- 
pler frequencies. Simple geometry shows that for 
normal level flight, the sum of these frequencies is pro- 
portional to aircraft speed in the heading direction, the 
difference is proportional to speed in the drift direction. 
However, since the receiver-transmitter is fixed to the 
aircraft, correction must be applied for deviations in air- 
craft attitude and vertical speed from normal level flight. 
The Doppler signals are applied to the ground-speed 
computer which stabilizes the data for aircraft pitch, 
roll, and vertical speed. The outputs of this unit, 


TABLE 2 
Physical Characteristics 


CW Doppler; two fixed 
beams of radiation; 
data stabilization 

150 Ibs. 


Type of system 


Approximate weight 
Approximate volume (excluding 


antenna) 3.9 cu.ft. 
Approximate installed antenna 
volume 1 cu.ft. 


Radome aperture 


13/, sq.ft. 
Antenna beamwidth (two-way) 4° 


Approximate transmitter power 1 watt 
Transmitter frequency 13,500 mc. /sec. 
Approximate power consumption 450 watts 
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heading and drift speeds, are orthogonal components of 
the aircraft ground velocity. 

The aircraft ground-speed components are supplied to 
the navigational computer indicator shown in Fig. 2 
which resolves them about true heading to obtain 
North-South and East-West ground-speed components. 
These ground-speed components are integrated and 
converted to changes in latitude and longitude. The 
navigational computer indicator determines the wind 
speed and direction. A wind memory feature allows 
accurate navigation based on last available wind data 
and true air speed during periods of radar silence. 
Additionally, the navigational computer indicator com- 
putes the course- and distance-to-destination or to the 
base. The navigational computer and the bearing and 
distance indicator are modified ASN-16 equipments de- 
veloped by Clifton Precision Products, Clifton Heights, 
Pa. A contact analog navigation indicator, the dead- 
reckoning position indicator, is also supplied as part of 
the Model 120. This unit provides an illuminated bug 
which indicates aircraft position on a map overlay or a 
grid coordinate system and heading on a compass rose. 
Therefore, the pilot is presented with graphic indication 
of his present position with respect to his destination, 
his base, and any known obstacles in the area. The 
DRPI has proved to be a very successful read-out de- 
vice for short-range navigation. 

The visual indications provided by Model 120 indi- 
cators are: 


Ground speed 

Drift angle 

Wind speed 

Wind heading 

Ground track 

Relative bearing-to- 
destination (or base) 

Course error 

Range-to-destination 
(or base) 

Pictorial display of 
position and heading 


Present latitude 
Present longitude 
Destination latitude 
Destination longitude 
Magnetic variation 
Aircraft heading 
Desired heading 
Aircraft attitude 
(pitch and roll) 
Aircraft turning rate 


The Lear MA-1 gyro stabilized magnetic compass 
system is used as the heading reference. A feature 
added to the basic MA-1 is automatic heading capture 
incorporated to provide automatic operation. Both the 
vertical reference and the heading reference are de- 
slaved during aircraft turns to minimize errors. 


The receiver-transmitter installed flush-mounted in 
an L-20 aircraft is shown in Fig. 3. It comprises a di- 
vided reflector, radome installation shroud, waveguide, 
microwave crystal mixers, and the klystron transmitter. 
These items are rigidly joined to form a single sealed 
beam assembly. The microwave circuitry which is 
sealed in the septum has no moving parts and re- 
quires no adjustments. Only the transmitter and mi- 
crowave crystal mixers may require replacement and 
these are readily available at the top of the unit. 

With continuous-wave radar, transmission and recep- 
tion occur simultaneously. It is necessary to separate 
these functions; the proved method of separation is 


termed “‘space duplexing’’ wherein transmission and 
reception employ different antennas. The unique de- 
sign of Model 120 receiver-transmitter allows space 
duplexing in a single assembly. The radar reflector is 
divided into two parts by a septum (which also contains 
the microwave circuitry). 

The Doppler signals are detected by a direct-to- 
audio technique. In this method of signal detection, 
a small portion of the transmitted energy is coupled into 
the microwave crystals to serve as the local oscillator 
signal. The returned energy, shifted by the Doppler 
frequency, is also introduced to the crystal, mixes with 


Fic. 2. Navigational computer indicator displaying present 
position, destination position, wind speed, wind direction, and 
magnetic variation. 


Fic. 3. Flush mounted receiver-transmitter installed in a U.S. 
Army L-20 aircraft. 
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Fic. 4. Orientation of the fixed radar beams in aircraft refer- 
enced coordinates. 


the local oscillator, and produces the audio Doppler 
signal directly. There is no intermediate frequency; 
I.F. amplifiers and automatic frequency control are not 
required. The result is the simplest, most reliable 
method of signal detection. 


DERIVATION OF EQUATIONS 


Doppler ground velocity indicators employ two or 
more radar beams which may be fixed with respect to 
the aircraft or stabilized about one or more axes. 
The Model 120A developed for fixed-wing Army air- 
craft uses two radar beams installed fixed with respect 
to the airframe. Four radar beams are employed in 
rotary wing applications where vertical speed indica- 
tions and hovering capabilities are required. The two 
beam system requires that the Doppler data be stabi- 
lized for aircraft attitude and vertical motion in order to 
obtain the aircraft ground velocity component. The 
equations are derived below. 


The two radar beams are directed outward and either 
fore or aft on each side of the aircraft as shown in Fig. 4. 
The beams are oriented in the aircraft coordinates 
(H,, Dz, and Z,) by the angles shown where 0 = 24.5°, 
y = 22°, and y = 11°. The two beams of energy formed 
by the single antenna assembly are radiated towards the 
earth. A portion of the energy is reflected back to the 
receiving antenna. The received frequency differs 
from the transmitted frequency by the Doppler shift 
which is directly proportional to the aircraft velocity 
components on the radar beams. The starboard and 
port Doppler frequencies are: 


Ds = (2/d) (—C Voa'+ A — BVza) (1) 
Aero/Space Engineering + May 1958 


D, = (2/d) (C + A Vina BVza) (2) 


where X is the transmitter wavelength (2.22 cm.), and 
A, B, and C are antenna installation angle constants 
(A = sin y, B = cos ycos y, C = cos y sin y). 

The Doppler sense need not be detected for normal 
navigation and it is assumed that 


|A Vire| > |B +'|C (3) 


The Doppler frequency on each radar beam is de- 
tected by the direct-to-audio (no I.F. frequency) signal 
detection technique previously described. The signal 
data converter accurately measures the center of power 
of the Doppler signals and provides proportional ana- 
log outputs. The sum and difference Doppler fre- 
quencies are given by the following equations: 


(Dp + Ds) = (4A/d) + [Via — (B/A) Vaal (4) 
(Dp — Ds) = (4C/X) Vou (5) 


Aircraft coordinates are displaced from the earth ref- 
erenced coordinates by the aircraft pitch and roll an- 
gles. Relationships between the aircraft and earth ref- 
erenced coordinates are given by the following matrix 
of direction cosines. 


—————Earth 
H D 
Aircraft H, cosP tf) 
Coordinates Dg sin Rsin P cosR 
Za cosRsin P 


— sin P 
sin R cos P 
—sinR cosRcosP (6) 


The positive direction of roll is right wing down and the 
positive direction of pitch is nose up. The coordinate 
conversion from one set of coordinates to the other is 
readily accomplished by means of two electrical resolv- 
ers and associated amplifiers. 

The heading and drift speed are defined as the com- 
ponents of ground speed in the direction of aircraft 
heading and transverse to aircraft heading respectively. 
These speed components are equivalent to ground speed 
and drift angle. The heading and drift speeds are de- 
termined in terms of sums and differences of the Dop- 
pler frequencies, aircraft pitch and roll angles, and verti- 
cal rate. 
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Fic.5. Typical Doppler spectrum obtained with ground velocity 
indicator installed in a T-33 jet trainer. 
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cos R cos P — (B/A) sin P 


Vp = 


E (Dp — Ds) (cos P a“ sin P cos R) al (Dp + Ds) sin R sin P — Vz sin R| (8) 


These equations are readily solved by electrical ana- 
log techniques in the ground-speed computer. The 
sum and difference of the two Doppler frequencies are 
obtained by the use of transformers. Vertical speed 
(Vz) is derived from a simple barometric altitude data 
transmitter via a follow-up servo. The coordinate re- 
solution through aircraft pitch and roll angles by means 
of two electrical resolvers completes the solution for the 
heading and drift speeds. No practical attitude limita- 
tions are imposed by this computer. The ground speed 
(V,) and drift angle (6) are obtained by resolution of 
the heading and drift speeds in the ground-speed /drift- 
angle indicator. 


THE DOPPLER SIGNAL 


The radar energy is transmitted in a narrow pencil 
beam and the return from the earth’s surface is spectral 
in nature with the spread in Doppler frequencies roughly 
corresponding to the beamwidth of the radar beam. 
The Doppler spectrum is characterized by the center 
frequency, the bandwidth, and the signal-to-noise den- 
sity ratio. 

The signal data converter searches for, acquires, 
tracks, and measures each Doppler spectrum and pro- 
vides a precise 400 cps signal whose amplitude corre- 
sponds to the center-of-power Doppler frequency. The 
center-of-power frequency depends on the aircraft ve- 
locity, installation angles, transmitter frequency, and 
surface reflection coefficient. The surface reflection 
coefficient of land is essentially linear over the antenna 
beamwidth. However, over sea the coefficient varies 
greatly over the beamwidth, this causes a spectral shift 
known as sea bias. A land-sea switch corrects for the 
average sea bias resulting in accurate measurement over 
land or sea: 

The width of the Doppler spectrum depends directly 
on antenna beamwidth and beam installation angles. 
The spectral width is a constant percentage of the Dop- 
pler frequency for a given system design. 

The signal-to-noise density ratio of the Doppler signal 
depends on system parameters and the surface reflection 


coefficient. The signal-to-noise density ratio derived 
from the radar range equation is given below. 


(=) Pr God cos 6 tan y (K) 
d Ac Bo Fk 


where Pr is transmitted power, Go is antenna gain, \ 
is the transmitter wavelength, oy is the surface reflection 
coefficient (defined as radar cross section per unit sur- 
face area), 9 and y are antenna angles, K is an antenna 
parameter, A is aircraft altitude, 8, is the two-way an- 
tenna beamwidth, F is the crystal noise figure at the 
Doppler frequency, k is Boltzmann constant, and T is 
absolute temperature in °K. It should be noted that 
the signal-to-noise density ratio varies with the square 
of altitude instead of the fourth power as would be indi- 
cated by the usual radar range equation. This is a 
result of the fact that the area of the earth’s surface in- 
tersected by the radar beam increases with the square 
of altitude. Also, it should be noted that in a direct-to- 
audio type detection system the signal-to-noise density 
ratio is independent of speed. This effect results from 
the interaction of two compensating effects. The Dop- 
pler signal density decreases in direct proportion with 
increasing speed. However, in a direct-to-audio sys- 
tem, the microwave crystal noise density also decreases 
in direct proportion with increasing speed. 

A typical Doppler spectrum derived from a system 
similar to that utilized in the Model 120 ground velocity 
indicator is shown in Fig. 5. This was obtained with a 
system installed in the wing tank of a T-33 jet trainer. 

The Model 120 integrated navigation and flight in- 
strumentation system described in this paper is an ad- 
vanced system designed for U.S. Army fixed- and 
rotary-wing aircraft. Similar Doppler systems de- 
veloped by Ryan are currently available for most jet 
and propeller-driven aircraft, helicopters, airships, and 
some missile types. These systems are characterized 
by simplicity, reliability, and maintainability resulting 
largely from the use of the direct-to-audio continuous- 
wave Doppler radar. 
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BEGoodrich 


B.F. Goodrich De-Icers could have prevented this 


~ 


Ice means trouble. Even a thin 
layer can interfere with the 
handling characteristics of a 
plane. And a heavy build-up like 
the one shown here can add 
hundreds of pounds of dead 
weight. But with B.F.Goodrich 
Pneumatic De-Icers on leading 
edges, a pilot can fly through the 
worst icing conditions safely. 
When ice begins to form he 
merely flips a switch. Small 
tubes inflate and deflate alter- 
nately—snap off even rapid accre- 
tions of ice simply, dependably. 
For more information on 
B.F.Goodrich Pneumatic De- 
Icers, send for bulletin AD-301. 


B. F.Goodrich De-Icers kept 
wings ice-free. Yet this plane 
was forced to land because ice 
covered the air intake. Com- 
plete de-icing protection should 
always include B.F.Goodrich 
Plyheat around intake openings, 
spinners, propeller blades, masts, 
etc. A tough, flexible “sandwich” 
of heating elements and rubber, 
B.F.Goodrich Plyheat fits 
smoothly over complex curved 
surfaces, gives precise heat 
control plus economy of power. 
For a copy of “Electrothermal 
Products” write: B.F.Goodrich 
Aviation Products, a division 
of The B.F.Goodrich Company, 
Akron, Ohio. 


B.EGood 
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AeRO/sPace VIEWS 


... current literature of aeronautical engineering and space technology 


Tuts SECTION reviews important period- 
icals, technical and research reports, and 
books received in the IAS Library in order 
to provide basic documentation for engi- 
neers and scientists. 


INTERNATIONAL AERONAUTICAL AB- 
sTRACTS, published as an insert in each 
issue, is an accelerated reviewing service 
covering worldwide scientific and technical 
literature. This work is performed by 
the IAS Staff and is supported by the Air 
Force Office of Scientific Research of the 
Air Research and Development Command. 


A list of the periodicals and reports 
series received in the IAS Library is pub- 
lished semiannually, in the January and 
July issues. 


The AERONAUTICAL ENGINEERING IN- 
pEX, published since 1947, provides an 
annual cumulation of the materials re- 
viewed in this section. 


THE IAS LIBRARY 


Publications reviewed in this sec- 
tion are maintained by the Library 
for use by the IAS Membership. 
They are nol for sale but are made 
| available through the facilities of 
the Library. 

Lenpinc Services: Institute 
members, both Individual and 
Corporate, may borrow periodicals, 
reports, and books for a period of 
2 weeks, excluding time in transit. 
Excepted are certain reference books 
and those IAS publications that 
may be purchased. 

Puotocopy Services: ‘The Li- 
brary is equipped to provide, as 
a service, positive photocopies of 
certain materials in its collections. 
Rates on request. 


For detailed information about 
these and other services, write to: 


John J. Glennon, Librarian 
Institute of the 
Aeronautical Sciences, Inc. 
2 East 64th Street 
New York 21, New York 
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INTERNATIONAL AERONAUTICAL ABSTRACTS. 99 
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Acoustics, Sound, & Noise 


The Measurement of Noise. A. Cooper 
ind. Aeronautics, Jan., 1958, pp. 17, 18. Study 
of noise in order to effect a reduction of its level, 
and description of two particular measuring 
methods based on electronic means. 


Fluctuations of —- and Phase in a 
Spherical Wave. . N. Karavainikov. Sor 
Phys.-Acous., ls June, 1957, pp. 175-186 
Translation. Computations of the coefficient of 
mutual correlation between amplitude and 
phase fluctuations, as well as the coefficients 
of longitudinal and transverse autocorr2lation 
for amplitude and phase fluctuations in a spheri 
cal wave. 

Waveduct Propagation of Sound for one Par- 
ticular Class of Laminarly-Inhomogeneous 
Media. Iu. L. Gazarian. Sov. Phys. - Acous., 
Apr.-June, 1957, pp. 135-149. Translation 
Derivation of an integral representation for the 
field of a point spherical hormonic radiator lo- 
cated in a medium where the velocity varies 
according to the Epstein law. 

Airborne Components in an Intense Acoustic 
Environment. R. Kaminski. Environmental 
Quart., 1st Quarter, 1958, pp. 4, 5, 16. 10 refs 
Description of the acoustic test chambers and 
evaluations conducted at Bell Aircraft Corpora- 
tion. 


Noise Problems in Military Helicopters; An 
Evaluation of Ear Protection in HR2S-1 Aircraft. 
Charles W. Metcalf and Russell G. Witwer 
J. Av. Med., Jan., 1958, pp. 59-65. 


A Summary of Preliminary Investigations 
Into the Characteristics of Screech 
in Ducted Burners. U.S., NACA RM E54B02, 
Apr. 7, 1954. 60 pp. 20 refs. Summary of de 
tailed research on frequency, amplitude, and 
phase relations in burners 6 to 37 in. in diameter, 
being identified as a transverse 
mode, 


Experimental Investigation of Screeching 
Combustion in Full-Scale Afterburner. Karl H. 
Usow, Carl L. Meyer, and Frederick W. Schulze. 
U.S., NACA RM E531I01, Dec. 4, 1953. 62 
pp. Systematic configuration modifications 
made to an afterburner installed on an engine 
in the altitude wind tunnel to determine their 
effect on screech characteristics. 


Aerodynamics 


Aerothermodynamics 

A Note on Isentropic eerie Flow of Air 
with Variable Specific Heats. . E. Tempel- 
meyer and L. Self. J. Aero. Sci., ae: 1958, pp. 
278, 279. Derivation of equations using the per- 
fect gas equation of state and simple expressions 
for the cp-T relationship. 


Stagnation Point Heat Transfer for Hypersonic 
Flow. Mary F. Romig. Convair Sci. Res. Lab. 
RN 1, Sept., 1956. 10 pp. Presentation of a 
design method for obtaining the heat transfer 
on a spherical nose. 


Formulae and Approximations for Aerody- 
namic Heating Rates in High Speed Flight. R. J. 
Monaghan. Gt. Brit., ARC CP 360 (Oct., 1955) 
1957. 53 pp. 19refs. BIS, New York, s. 35. 


Simulation of Aeronautical High-Temperature 
Conditions. Wilbur A. Spraker, Jr. Battelle 
Tech. Rev., Feb., 1958, pp. 3-6. Discussion of 
available testing devices and of problems created 
by limited data. 


Heat Transfer in a Laminar Boundary Layer 
with Constant Fluid Properties and Constant 
Wall Temperature. A. G. Smith and D. B. 
Spalding. RAeS J., Jan., 1958, pp. 60-64. 11 
refs. Presentation of a simple calculation method 
representing a simplification and extension of 
Eckert’s method and applicable both to two- 
dimensional and axisymmetric flows. 


Some Effects of Heat Transfer at Mach Num- 
ber 2.0 at Stagnation Temperatures Between 
2,310° and 3,500°R on a Magnesium Fin with 
Several Leading-Edge Modifications. William 
M. Bland, Jr., and Walter E. Bressette. U.S., 
NACA RM L57C14, April 18, 1957. 29 pp. In- 
vestigation conducted at a Mach Number of 2.0 
for various stagnation temperatures between 
2,310° and 3,500°R. Results indicate that 
under similar test conditions a magnesium fin 
with a blunt leading edge suffers much less dam- 
age than one with a very sharp leading edge, even 
when only the mass remaining after blunting is 
considered. Wrapping sheet Inconel around the 
leading edge proves to be very effective in pro- 
tecting the leading-edge region. 


Boundary Layer 


An Experiment on Flat Plate Turbulent Bound- 
ary Layer Flow—The Effect of Local Fluid Addi- 
tion on Friction and Velocity Distribution. Henry 
Barrow. RAeS J., Feb., 1958, pp. 135-138. 


Sur une Détermination des Caractéristiques 
de la Couche Limite par 1’Utilisation de Cer- 
tains Profils Type de Vitesses et de Tempéra- 
coun. St. Savulescu. (Stud. Cerc. Mec. Aplic., 
No. 2, 1957, pp. 341-356.) Revs Méc. Appl.. 
No. 1, 1957, pp. 39-53. 18 refs. In French. 
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Development of an approximate method to deter- 
mine the boundary-layer characteristics, using 
standard velocity and temperature profiles ob- 
tained from the viscous flow of a liquid between 
two solid walls. Includes transformation of 
boundary-layer equations, derivation of friction 
and heat-transfer equations, and applications of 
the method covering several aspects of the bound- 
ary-layer problem. 


Control Surfaces 


Free-Flight Investigation to Determine Some 
Effects of Tail Damping and Wing-Tail Inter- 
ference on the Rolling Effectiveness of Inboard 
andOutboard Ailerons on an 
back Wing. Roland D. English. U.S., NACA 
RM L54L17a, Mar. 7, 1955. 18 pp. ‘Test re- 
sults indicating that the rolling effectiveness of 
the inboard aileron is decreased considerably over 
the entire test Mach Number range (0.6 to 1.5) 
by the substitution of fixed tail fins for a free-to- 
roll tail on a wing-body combination. 


Aerodynamic Loadings Associated with Swept 
and Unswept Spoilers on a Flat Plate at Mach 
Numbers of 1.61 and 2.01. Douglas R. Lord and 

R. Czarnecki. U.S., NACA RM LS55 Li2, 
Mar. 12,1956. 174 pp. l4refs. Investigation at 
Reynolds Numbers from 0.12 X 10° to 0.56 XK 10° 
per in. of the flow, force, and moment character- 
istics. In the unswept case, spoiler characteris- 
tics are correlated for a given Mach Number 
on the basis of the height and location of the 
spoiler top, and these unswept-spoiler results are 
extended to the swept case by a simple method 
based on the three-dimensional behavior of the 
flow 


Aerodynamic Characteristics of a Full-Span 
Trailing-Edge Control on a 60° Delta Wing with 
and Without a Spoiler at Mach Number 1.61. 
Douglas R. Lord and K. R. Czarnecki. U.S., 
VACA RM L53L17, Mar. 10, 1954. 49 pp. 
Investigation at a Mach Number of 1.61 and a 
Reynolds Number of 4.2 X 106. Includes illus- 
trative pressure distributions and a comparison 
of the control effectiveness and hinge-moment- 
coefficient variations for the basic wing-control 
configuration with those predicted by linear the- 
ory and those obtained from the spoiler configura- 
tions 


Flight Tests on a Vampire Mk. 5 with a Re- 
designed Anti-Snaking Rudder w. G. 
Pinsker. Gt. Brit., ARC R 3014 
1954) 1957. 16 pp. BIS, York, 
Tests with the specially designed rudder caer 
as an aerodynamic yaw damper show that the 
damping of the lateral oscillation is substantially 
increased, in consequence, a logarithmic decre- 
ment greater than unity is attained even at 40,000 
ft. altitude. 


Some Effects of Ailerons on the Variation of 
Aerodynamic Characteristics with Sideslip at 
Low Speed. Kenneth W. Goodson. S., 
VACA RM L55L20, Mar. 12, 1956. 40 pp. 
Wind-tunnel investigation showing that with 
ailerons deflected, an appreciable variation of 
pitching moment with sideslip angle can exist. 
The variation appeared to result primarily from 
intersection of the aileron vortex field with the 
horizontal tail surfaces and, to some extent, from 
aerodynamic effects associated with wing sweep- 
back. 

Low-Speed Chordwise Pressure Distributions 
Near the Midspan Station of the Slotted Flap and 
Aileron of a '!/s-Scale Model of the Bell X-1 Air- 
plane with a 4-percent-Thick, Aspect-Ratio-4, 
Unswept Wing. William C. Moseley, Jr., and 
Robert T. Taylor. U.S., NACA RM L53L18, 
Mar. 9, 1954. 59 pp. 


Deux Généralisations du Probléme de 1’Aile au 
Volet Fluide. N. N. Patraulea. (Stud. Cerc. 
Mec. Aplic., No. 2, 1957, pp. 313-317.) Rev. 
Méc. Appl., No. 1, 1957, pp. 29-38. In French. 
Study of the problem of a profile equipped with a 
jet flap in the case of given singularities. 


Subsonic Flight Investigation of Methods to 
Improve the Damping of Lateral Oscillations by 
Means of a Viscous Damper in the Rudder Sys- 
tem in Conjunction with Adjusted Hinge-Moment 
Parameters. Harold L. Crane, wane’ J. Hurt, 
Jr., and John M. Elliott. U.S.,. NACA TN 4193, 
Jan., 1958. 45 pp. 


Fluid Mechanics & Aerodynamic Theory 


Airflow and the Aeroplane. A. V. Haslett. 
Shell Av. News, Dec., 1957, pp. 14-18. Discus- 
sion of the aerodynamic principles of flow over an 
airfoil. Includes an explanation of vortex flow, 
drag, boundary layer and its control, wake, 
separation, and shock flow. 


Aerophysical Problems of eg at Extreme 
Altitudes and Speeds. I. G. N. Patterson. 
(CAI-IAS Joint Meeting, Montreal, Oct. 21, 
1957). Can. Aero. J., Jan., 1958, pp. 3-10. 25 
refs. Investigation of the effects of rarefaction, 
large Mach Numbers, and high stagnation tem- 
peratures, showing the increasingly important 
role of the molecular structure of a gas in its 
microscopic motion. Various experimental facil- 
ities and techniques for solving aerophysical 
problems are considered. 

Combustion in the Laminar Boundary Layer of 
Chemically Active Sublimating Surfaces. M. R. 
Denison and D. A. Dooley. J. Aero. Sci., Apr., 


1958, pp. 271, 272. Results of an analysis for the 
heat and mass transfer from sublimating sur- 
faces where the sublimated material subsequently 
reacts with the atmosphere. 


Determination of Vortex Paths by Series Ex- 
ney Technique with Application to Cruci- 

orm Wings. Appendix A, -Wall-Interfer- 
ence Corrections. Alberta Y. Alksne. US, 
NACA “4a 1311, 1957. 13 pp. Supt. of Doc. 
Wash., $0. 

Propagation of Weak Waves in a Dissociated 

as. Moore. J. Aero. Sci., Apr., 1958, 
pp. ozo" 280. Study of the dynamics of weak, or 
acoustic, disturbances of a gas out of thermody. 
namic equilibrium. 

K Teorii Diffuzionnykh Kolebanii v Gazo- 
razriadnoi Pa. O. V. Prudkovskaia. AN 
SSSR Dokl., Dec. 1957, pp. 601-604. In Rus- 
sian. seat sete of the theory of diffusion 
vibration in gas-discharge plasma, based on the 
system of equations combining the equations of 
electron and ion diffusion, Poisson equations for 
the electric field, and equations of electron en- 
ergy. 

Sur le Mouvement d’un Mélange Compres- 
sible de Liquide et de Gaz a Travers un Milieu 
Poreux. T. ae ig and H. Pascal. Rev 
Méc. Appl., No. 1, 1957, pp. 93-99. In French. 
Study of the MIR of a compressible liquid 
and gas mixture through homogeneous and iso- 
tropic porous media. 

The Effect of External Sound on the Vortex 
Shedding from Cylinders. Donald I. Garber. 
J. Aero. Sci., Apr., 1958, pp. 275, 186. Test re- 
sults indicating that duct resonance or external 
sound sources may effect the frequency of vortex 
shedding from cylinders. 

Hypersonic Heat Transfer to Catalytic Sur- 
faces. Sinclaire M. Scala. (Ramo-Wooldridge 
2nd Symposium on Ballistic Missiles, Los Angeles 
June, 1957.) J. Aero. Sci., Apr., 1958, pp. 273- 
275. Results of an investigation showing that, 
with the exception of pyrex, most common 
materials have a catalytic efficiency for oxygen 
atom recombination exceeding 50 X 10-4. This 
indicates that the materials are virtually perfect 
catalysts, at least at low wall temperature. 


Non-Linear Interactions in a Viscous Heat- 
Conducting Compressible Gas. Boa-Teh Chu 
and Leslie S. G. Kovdsznay. (Johns Hopkins U., 
Dept. Aero. Rep., 1957.) J. Fluid Mech., Feb., 
1958, pp. 494-514. 16 refs. USAF-Navy sup- 
ported development of a theory by which non 
linear phenomena can be readily classified and 
their effects in any particular flow field easily 
assessed. 


O Edinstvennosti Resheniia Priblizhennykh 
Granichnykh Zadach Dinamiki Neszhimaemoi 
Zhidkosti s Peremennoi Viazkost’iu. S. A. 
Regirer. AN SSSR Dokl., Nov. 21, 1957, pp. 
384-336. In Russian. Determination of the 
uniqueness of the solution for approximate bound- 
ary problems in the dynamics of an incompres- 
sible fluid of variable viscosity, using Dolidze’s 
method. 

The Flow of a Non-Newtonian Liquid Near a 
Stagnation Point. Abinash Chandra Srivastava 
ZAMP, Jan. 25, 1958, pp. 80-84. Derivation of 
equations of motion in cylindrical coordinates 
and integration by the Karman-Pohlhausen 
method 


O Neustanovivshikhsia Dvizheniiakh Neszhi- 
maemoi Zhidkosti vy Uzkikh Oblastiakh. Iu. L. 
Iakimov. AN SSSR Dokl., Aug. 21, 1957, pp. 
1,080-1,083. In Russian. Study of plane- paral- 
lel, unsteady, potential motion of an incompres- 
sible fluid in narrow regions. 


O Nestatsionarnom Techenii Viazkoi Zhid- 
kosti Mezhdu Parallel’nymi Poristymi Stenkami. 
D. E. Dolidze. AN SSSR Dokl., Nov. 21, 1957, 
pp. 380-383. In Russian. Investigation ‘of the 
nonstationary flow of a viscous liquid between 
parallel porous walls in the case of time-depend- 
ent permeability. 


Ecoul ts Coni d’Ordre Supérieur 
Autour des Ailes Triangulaires Minces ou a 
Epaisseur Symétrique. E. Carafoli and M. 
Ionescu. (GAMM, Wissenschaftliche Tagung, 
Hamburg, Apr. 23-27, 1957.) Rev. Méc. Appl., 
No. 1, 1957, pp. 5-27. In French. Study of flow 
around thin triangular wings or wings of sym- 
metrical thickness. Extension of a previously 
developed method, based on the analogy between 
the conical motion and plane hydrodynamic prob- 
lems, to the study of higher order homogeneous 
flows and to the development of a general theory 
of conical motions. 


Calculation of Supersonic Flow Past an Axially 
Symmetric Cylinder. Martha W. Evans and 
Francis J. Harlow. J. Aero. Sci., Apr., 1958, 
pp. 269, 270. Results of calculations to deter- 
mine the axially symmetric flow pattern about a 
flat-nosed cylinder at a Mach Number of 1.58. 


A Free-Flight Rypestiquies of the Effects of a 
Sonic Jet on the Total-Drag and Base-Pressure 
Coefficients on a Boattail Body of Revolution 
from Mach Number 0.83 to 1.70. Ralph A. 
Falanga. U.S., NACA RM L55L21, Mar. 8, 
1956. 18 pp. 


Aerodynamic Characteristics of Two Flat- 
Bottomed Bodies at Mach Number of 3.12. 
John R. Jack and Barry Moskowitz. U-.S., 
NACA RM _ ES53L11b, Apr. 2, 1954. 9 pp. 
Wind-tunnel test results indicate that flat-bot- 
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WHAT IS “TOTAL ELECTRONICS’? 


The picture suggests the answer. 

In the new world of missiles and space 
systems to come, it's the fota/ complex of 
control, guidance and communication — the 
whole interrelated nervous system correlat- 
ing the eye, the hand, the head and the heart 
of the missile to that of man himself. 

And in the company producing that missile, 
i's the tota/ electronics capability neces- 
sary to specify, design, create and test this 
central nervous system as an integral part 
of the whole machine—from its conception, 
through delivery to the customer, to the final 
completion of its mission. 

In the period of a dozen years since the 
word “electronics” first gained common 
currency in our industry, Martin has been 
systematically building toward just such a 
total electronics capability. 

As a result of the rapid evolution in advanced 
electronics development, today one-third of 
all Martin engineering manpower is devoted 
to the electronics requirements of our cus- 
tomers’ present and future products. And a 
major part of Martin's investment is in the 
special facilities necessary to this new con- 
cept of total electronics. 

We believe that this capability is essential to 
our increasingly important function as a prime 
contractor to all branches of the military. 
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tomed bodies provide large gains both in lift 
and lift-drag ratio as compared with a ccrre- 
sponding body of revolution. 


Determinarea Aproximativa a Repartitiei de 
Presiuni in Lungul unui Obstacol Situat in Curent 
Supersonic de Gaz. D. Pantazopol. Stud. 
Cerc. Mec. Aplic., No. 3, 1957, pp. 737-755. In 
Rumanian, with summaries in Russian and 
French. Development of an approximate method 
to determine the pressure distribution along an 
obstacle in a supersonic gas flow. The flow is 
assumed plane and nonviscous. 


Explosive-Induced Shock Waves. II-—Oblique 
Shock Waves. William E. Drummond. J. 
Appl. Phys., Feb., 1958, pp. 167-170. Army- 
sponsored analysis of the explosive production 
of shock waves in solids with the approximation 
that third and higher order terms in the shock 
strength can be neglected, and development of a 
procedure for calculating the attenuation of the 
shocks. Application is made to the problem of 
determining the equation of state of the burned 
explosive gas. 


K Teorii Restethenacrethh Razryvov v Relak- 
siruiushchikh Sredakh. E. V. Stupochenko and 
I. P. Stakhanov. AN SSSR Dokl., Nov. 1, 1957, 
pp. 65-67. In Russian. Analysis of the behavior 
of a low-intensity rupture occurring in relaxing 
media, as well as of its degeneration into a smooth 
transition. 


Measurement of High Temperatures in Strong 
Shock Waves in Gases. I. Sh. Model’. (Zhur- 
nal Teoret. « Exper. Fiz., Apr., 1957, pp. 714- 
726.) Sov. Phys.-JETP, Nov., 1957, pp. 589- 
601. 13 refs. Translation. Development of a 
photographic method for the measurement of 
high temperatures and the absorption coef- 
ficient of radiation by the gases in a plane shock 
wave. 


Internal Flow 


An Analysis of the Transonic and Supersonic 
Performance of Several Fixed-Geometry Air 
Inlets. Robert E. Pendley and Robert R. 
Howell. U.S., NACA RM L54L29, Mar. 8, 
1955. 36 pp. 14 refs. Analysis of the open- 
nose normal-shock inlet, the wing-root inlet, 
and the conical shock inlet which indicates that, 
with proper selection of entrance area, good 
performance can be expected from these inlets 
over a wide range of flight numbers. 


Qualitative Study of Flow Chngontorigtion 
Through Single-Stage Turbines as Made from 
Rotor-Exit Surveys. Appendix A, B—Method of 
Computing Rotor-Exit Angular-Momentum Pa- 
rameter. Robert Y. Wong, James W. Miser, and 
Warner L. Stewart. U.S., NACA RM E55K21, 
Mar. 2, 1956. 26 pp. Presentation of results 
showing that a considerable circumferential 
variation exists in angular momentum at the rotor 
inlet, which is attributable to momentum varia- 
tions in the regions of stator free-stream flow. 
Large radial variations in angular momentum and 
total pressure loss are also found at the rotor 
exit. 

Design and Experimental Investigation of 
Transonic Turbine with Slight Negative Reaction 
Across Rotor Hub. Warner L. Stewart, Robert 
Y. Wong, and David G. Evans. CS: NACA 
RM ESal. 29a, Mar. 12, 1954. 40 pp. 12 refs. 
Results of tests indicate that high Mach Num- 
ber turbines utilizing rotor-hub entrance Mach 
Numbers of unity can be obtained with efficien- 
cies of at least 85 per cent under the prescribed 
conditions of surface Mach Number and reac- 
tion. 


Equivalent Performance Parameters for Turbo- 
blowers and Compressors. Hunt Davis. 
(ASME Annual Meeting, New York, Nov. 25-30, 
1956.) ASME Trans., Jan., 1958, pp. 108-113; 
Discussion, pp. 113-116. Study showing that, 
under certain conditions, compressor performance 
data obtained with one test gas and a set of 
conditions may be related to another set of speci- 
fied conditions, with either the same or another 
gas, and with assurance of accurate correlation; 
includes three correlation classifications. 


Cascade Flow Problems. H. Schlichting. 


ARD Rep. 93, Feb., 1957. 14 pp. Calcula- 
tion of loss coefficients for two-dimensional cas- 
cades and their application to the characteristic 
curves of an axial flow compressor. Also pre- 
sented are some results for pressure distribution 
measurements on cascades at high subsonic Mach 
Numbers. 


Evaluation of Five Conical Center-Body Super- 
sonic Diffusers at Several Angles of Attack. 
Gerald W. Englert and Leonard J. Obery. U.S., 
NACA RM E51L04, May 5, 1952. 29 pp. In- 
vestigation in a 16-in. ram-jet engine showing 
that the stable operating range decreases con- 
siderably as the angle of attack is increased de- 
spite an increase of the cone angle or the use of 
boundary-layer bleed. 


An a at Mach Numbers 2.98 and 
2.18 of ally ae Free-Jet Diffusion 
with a mgine. Henry R. Hunczak. 
U.S., NACA RM E51L24, Feb. 13, 1952. 30 
pp. ‘Study to determine the possibility of using a 
supersonic free jet as a means of testing large 
air-breathing engines. 


May 1958 + Aero/Space Engineering 91 


= 
pate 
sur- 
ntly 
uci- 
fer- 
958, 
AN 
the 
en- 
res- 4 
Rev 
ich. 
j 
juid 
‘tex aN 
nal 
rtex 
idge 
eles 
gen 
fect 
“hu 
eb. 
and 
rch 
pp. 
the 
res- 
ze’s 
ra 
va. 
of 
ites 
L. 
pp. 
id- 
37, 
the ° 
cen 
nd- 
eur 
: 
(NATO AGARD 10th Wind-Tunnel & Model- 
Testing Panel, Paris, Feb. 18-21, 1957.) NATO 
sly 
ob- 
pus 
38, 
er- 
| 
ion 
A. 
8, 
at- 
12. 
S. 
PP. 
ot- 


A message for young 
physical scientists & engineers 


from James H. Doolittle, Chairman, NACA 


Future breakthroughs on crucial problems relating to 
aircraft and missiles can be expected in light of 
NACA’s long record of achievement. NACA supplies 
advanced research findings to the Nation’s 

aircraft and missile industry, to all branches of the 
military, and to the airlines. All Americans 

can be assured by the knowledge that NACA is 
working with a spirit of urgency to help 

solve the current most pressing problems of flight. 


James H. Doolittle, Chairman, NACA$ 
Sc.D., Massachusetts Institute of Technology. 


NACA has a staff of 7,750 research scientists and supporting personnel spread 
among centers on both Coasts and in Ohio. NACA staff members in pursuit of new 
knowledge have available the finest research facilities in the world, including 
several of the largest and fastest supersonic and hypersonic wind tunnels, hot jets, a 
fleet of full scale research airplanes, which will include the X-15, hypersonic bal- 
listics ranges, shock tubes, a nuclear reactor establishment, rocket facilities, a 
research missile launching site, tracking devices, and the most advanced mechanical 
and electronic computers. 

NACA Fields of Research Include: Aerodynamics, Aircraft and Missile 
Structures, Materials for Aircraft and Missiles, Automatic Stabilization, Propul- 
sion Systems, Propulsion Systems Structures, Rocket Systems, Solid State Physics, 
Fuels, Instrumentation. 

A number of staff openings are becoming available. You are invited to address 
an inquiry to the Personnel Director at any one or all four of the NACA research 
centers: 

Langley Aeronautical Laboratory, Hampton, Virginia 
Ames Aeronautical Laboratory, Mountain View, California 
Lewis Flight Propulsion Laboratory, Cleveland, Ohio 
High-Speed Flight Station, Edwards, California 


(Positions are filled in accordance with the Aeronautical Research Scientist Announcement 1B) 


The Nation’s Aeronautical Research Establishment 
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Behavior of a Resonant System in a Current. 
Pp. N. Kubanskii. Sov. Phys. - Tech. Phys., Jan., 
1957, pp. 158-165. Translation. Analysis of 
flow passing over poorly streamlined bodies 
which give rise to vortical sounds due to periodic 
emission of vortices at the surface of the body. 


Stability & Control 

Methods of Measurement of Aircraft Dynamic 
Stability Derivatives. K. Orlik-Riickemann. 
Canada, NAE Quart. Bul., Oct. 1-Dec. 31, 1957, 
p. 1-18. Review and classification of methods 
available for measuring aircraft dynamic stabil- 
ity derivatives using either five flying models and 
full-scale aircraft or wind-tunnel and other type 
tests. 

Un Procedeu de Cercetare a Migcarii Per- 
turbate a Avionului in Faza Fugoida, cind Mis- 
carea de Baz&i Este Nepermanenta. T. Hacker 
and A. Buragu. Stud. Cerc. Mec. Aplic., No. 3, 
1957, pp. 629-636. In Rumanian, with sum- 
maries in Russian and French. Development 
of an aircraft in the fugoid phase in the case of an 
irregular basic motion. 

Stability of Bodies of Revolution Having Fine- 
ness Ratios Smaller Than 1.0 and aving 
Rounded Fronts and Blunt Bases. Stanley H. 
Scher and James S. Bowman, Jr. U.S., NACA 
RM L52L08, Jan. 29, 1953. 23 pp. Free-drop 
tests in a free-spinning tunnel for determining 
the behavior of various bodies in descent, and 
development of a method for calculating approxi- 
mately the stability of bodies of the subject type. 

Low-Speed Static Stability Characteristics of a 
Cambered-Delta-Wing Model. John M. Riebe 
and William C. Moseley, Jr. U.S., NACA RM 
L55L21a, Mar. 8, 1956. 27 pp. 10 refs. Wind- 
tunnel investigation at several wing dihedral 
angles in combination with a circular fuselage and 
various tail configurations. 

Summary of Spin and Recovery Characteris- 
tics of 12 Models of Flying-Wing and Unconven- 
tional-Type Airplanes. Ralph W. Stone, Jr., 
and Burton E. Hultz. U.S., NACA RM L50- 
129, Mar. 1, 1951. 95 pp. 12 refs. 

The Development of Satisfactory Spin Char- 
acteristics for the T-37. Harry R. Clements. 
(USAF WADC Spin Symposium, Feb. 27, 1957.) 
Aero. Eng. Rev., Apr., 1958, pp. 38-41, 57. Discus- 
sion giving the characteristics of the original air- 
craft configuration which encouraged spinning 
and the modiiications necessary to meet USAF 
spin requirements for a trainer. 


Spinning and Related Problems at High Angles 
of Attack for High-Speed Airplanes. Walter J. 
Klinar. U.S., NACA RM L55L23a, Mar. 19, 
1956. 7 pp. Discussion of the type of control 
manipulation required for satisfactory spin re- 
covery, including the effects of spins on jet-engine 
installations and the effectiveness of canard sur- 
faces in alleviating a directional stability near the 
stallg 

Low-Speed Investigation of the Effects of 
Wing Dihedral Angle and Fin Length on the 
Static Stability Characteristics of a Model Hav- 
ing an 82° Delta Wing. Kenneth P. Spreemann. 
U.S., NACA RM L55L30a, Apr. 2, 1956. 30 pp. 
Wind-tunnel investigation conducted at dynamic 
pressures of 40 and 60 Ibs. per sq. ft. and corre- 
sponding Reynolds Numbers of 6.09 X 106 and 
742 X 10% based on the mean aerodynamic 
chord. 


Supersonic Wave Interference Affecting Sta- 
bility. Eugene S. Love. U.S., NACA RM L55- 
Lida, Mar. 8, 1956. 19 pp. Presentation of 
illustrations and calculations indicating the im- 
portance of interference fields created by wings, 
bodies, wing-body combinations, jets, and na- 
celles. 


Some Recent Research on the Handling Quali- 
ties of Airplanes. Walter C. Williams and 
William H. Phillips. U.S... NACA RM H55- 
L29a, Feb. 21, 1956. 19 pp. 


Investigation of the Lateral Stability Char- 
acteristics of the Douglas X-3 Configuration at 
Mach Numbers from 0.6 to 1.1 by Means of a 
Rocket-Propelled Model. Jesse L. Mitchell and 
Robert F. Peck. U.S., NACA RM L54L20, 
Feb. 15, 1955. 37 pp. 14 refs. 


Low-Speed Wind-Tunnel Measurements of 
Longitudinal Oscillatory Derivatives on Three 
Wing Plan-Forms. Appendix I—Method of In- 
exorable ae easurement of Forces. 
Appendix II—Calculation of Damping by 


pp. ll refs. BIS, New York, $1.80. 


Longitudinal Stability, Control Effectiveness, 
and Drag Characteristics at Transonic Speeds of a 
Rocket-Propelled Model of an Airplane Con- 
figuration Having an Unswept Tapered Wing of 
Aspect Ratio 3.0 and NACA 65A004.5 Airfoil 
Sections. John C. McFall, Jr., and James A. 
Hollinger. U.S., NACA RM L52L04, Jan. 20, 
1953. 30 pp. 


K Voprosu Uslovnoi Ustoichivosti Samoletov. 
T. Khaker. Rev. Méc. Appl., No. 1, 1957, pp. 
79-91. In Russian. Study of the problem of 
longitudinal stability of aircraft. Includes de- 
velopment of a method for obtaining sufficiently 
broad conditions for the initial disturbances and 
application to stability of motion over a finite 
length of time. 


AERODYNAMICISTS & STRUCTURES ENGINEERS 


VERTICAL TAKE-OFF... 


new Landmark 
of Aviation Progress 


Bell Aircraft now presents the opportunity to be 
associated with the development of high-perform- 
ance, jet aircraft which will take off and land verti- 
cally in a conventional attitude. Two test vehicles, 
one of them the X-14, have been flown successfully, 
and an operational aircraft is now being designed 
for the United States Navy. 


Expansion of this VTOL program has created open- 
ings for experienced aerodynamicists and structures 
engineers with experience in these fields: 


® Structural Design and Analysis 

@ Flutter and Vibration 

@ Flight Control Systems 

@ Propulsion Systems Design and Analysis 
@ Armament and Installation Layout 


Here are challenging, long-range opportunities to 
participate in the production of the planes of tomor- 
row. Salaries commensurate with your 
background, good living and working 
conditions, and liberal benefits. Please 
write: Supervisor of Engineering Employ- 
ment, Dept. A-25, BELL AIRCRAFT CORPORATION, 
P. O. Box 1, Buffalo 5,N. Y. 
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Investigation at High Subsonic Speeds of the 
Static Longitudinal Stability Characteristics of a 
Model Having Cropped-Delta and Unswept 
Wing Plan Forms and Several Tail Configurations. 
Albert G. Few, Jr. U.S., NACA RM L55I23a, 
Nov. 30, 1955. 107 pp. Study indicating that 
none of the tail arrangements used with the un- 
swept wing are capable of producing essentially 
linear pitching-moment curves for the complete 
model. Reasonably linear pitching-moment 
characteristics are obtained with several tail 
arrangements in conjunction with the cropped 
delta-wing model. 


Longitudinal Aerodynamic Characteristics of a 
Mode! Airplane Co uration Equipped with a 
Scaled X-1 Airplane Wing. James H. Parks 
U.S., NACA RM L51L10a, Apr. 11, 1952. 37 
pp. 14 refs. Investigation in which aerody- 
namic derivatives defining the static and dy- 
namic longitudinal stability, control, trim, and 
drag characteristics of the configuration are ob- 
1. over a Mach Number range from 0.6 to 


Effects of Leading-Edge Radius on the Longi- 
tudinal Stability Characteristics of Two 60° 
Sweptback Wings at High Reynolds Numbers. 
William C. Schneider. U.S... NACA RM L55- 
L130, Mar. 19, 1956. 46 pp. Wind-tunnel in- 
vestigation on two wings of aspect ratio two and 
three at Mach Numbers from 0.05 to 0.30. Little 
effect on the inflection lift coefficient was noted 
when the leading-edge radius was increased, for 
both wings. Small Reynolds Number effects 
were found for wings of aspect ratio three, and 
only slightly larger effects were noted for the 
wings of aspect ratio two. 


Longitudinal Stability Investigation for a Mach 
Number Range of 0.8 to 1.7 of an Airplane Con- 
figuration with a 45° Swept Wing and a Low Hori- 
zontal Tail. John C. McFall, Jr. U.S., NACA 
RM L55L09, Feb. 8, 1956. 32 pp. 16 refs. 


Wings & Airfoils 


Effect of Some Section Modifications and Pro- 
tuberances on the Zero-Lift Drag of Delta Wings 
at Transonic and Supersonic Speeds. Carl A. 
Sandahl and William E. Stoney. U.S., NACA 
RM L53L24a, Feb. 18, 1954. 43 pp. Presenta 
tion of results from free-flight rocket tests to 
determine the effect of leading-edge radius and 
airfoil aftersection thickening on the zero-lift 
drag. In addition, one configuration employed 
simulated control-actuator housings. 


An Application of Crocco’s Stream Function 
to the Study of Rotational Supersonic Flow Past 
Airfoils. Abraham Kogan. (Technion Res 
Devel. Found., Haifa, TN; AFOSR TN 56-165, 
1956.) Quart. J. Mech. & Appl. Math., Feb., 
1958, pp. 1-23. 17 refs. USAF-sponsored de 
velopment of a method of successive approxima- 
tions for the ideal flow around airfoils at high 
supersonic Mach Numbers, based on the con 
cept of Crocco’s stream function. 


Aplicarea Metodei Carafoli la Calculul Rezis- 
tentei de Unda a Aripii Delta Dublu Conice cu 
Panta Dubl&. Gh. N. Darie. Stud. Cerc. Mec. 
Aplic., No. 3, 1957, pp. 725-736. In Rumanian, 
with summaries in Russian and French. Applica- 
tion of the Carafoli method to the calculation of 
the wave drag of doubly conical delta wings with 
a variable angle of inclination. 


Low-Speed Wind-Tunnel Tests on Two Thin 
Cranked Wings with 60-deg Sweepback Inboard. 
C. J. Mansell. Gt. Brit. ARC R&M 2995 (Apr., 
1952) 1957. 55 pp. BIS, New York, $2.88 
Experimental investigation at a Reynolds Num- 
ber of about 2.3 X 106 and a Mach Number of 
0.18 showing a large forward movement of the 
aerodynamic center at moderate lift coefficients. 


Influenta Peretilor Asupra Incercarilor de 
Aripi Toroidale in Suflerii Circulare. N. N. 
Patraulea and L. Dumitrescu. Stud. Cerc. Mec 
Aplic., No. 3, 1957, pp. 703-710. In Rumanian, 
with summaries in Russian and French. Study 
of the flow around a toroid wing in the presence 
of a fuselage, taking into account the effect of 
wind-tunnel walls. 


Effects of Wing-Body Geometry on the Lat- 
eral-Flow Angularities at Subsonic Speeds. 
Appendix—Estimation of Vortex Strength and 
Position in Base Plane of Expanding Nose Sec- 
tion. Frank S. Malvestuto. Jr., and William J. 
Alford, Jr. U.S., NACA RM L55L26a, Feb. 21, 
1956. 15 pp. Results showing that a simultane- 
ous change in nose fineness ratio and length 
causes an unfavorable change in sidewash angles 
along the tail station; the fuselage cross-sectional 
shape, as well as the addition of the wing to the 
ee have a marked effect on the lateral singu- 
arities. 


The Longitudinal Characteristics at Mach 
Numbers up to 0.92 of Several Wing-Fuselage- 
Tail Combinations Having Sweptback Wings 
with NACA Four-Digit Thickness Distributions. 
Fred B. Sutton and Jerald K. Dickson. U.S., 
NACA RM A54L08, Mar. 24, 1955. 128 pp. 


Effects of Taper Ratio on the Longitudinal 
Characteristics at Mach Numbers from 0.6 to 
1.4 of a Wing-Body-Tail Combination Having an 
Unswept Wing of Aspect Ratio 3. James L. 
Summers, Stuart L. Treon, and Lawrence A. 
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Key Openings for Electronics Engineers 


Electronics activities are broad and fast-growing at 
Chance Vought. Projects involve advanced guidance and 
control and fire control systems for missiles and high- 
performance manned aircraft. They begin with investiga- 
tions and theory and progress through systemization and 
packaging to detailed hardware design. Key responsibili- 
ties await additional men who are qualified in these areas, 
Advanced degrees are preferred. 


Stability and Control Engineer. E.E., M.E., or A.E. with emphasis 
on flight stability and control problems or dynamics. (Special 
consideration given graduate study or extensive experience in transients 
or closed loop stability analysis.) To assist in design of autopilot and 
control systems for high-performance missiles and aircraft. 


Antenna Design Engineer. E.E. or Physics Degree with demonstrated 
aptitude for antenna design. To join active projects involving design of 
flush-mounted, recessed and external antennas at all frequencies for 
very high-performance aircraft and missiles. 


Fire Control and Microwave Systems Engineer. Requires E.E. or Physics 
Degree; at least 2 years experience in radar, data link, or fire 
control systems; and strong ability in this work. 


Test Equipment Engineer. Requires E.E. or Physics Degree and at least 
2 years experience in this or related field. (Desirable: broad background in 
electronics design with emphasis on digital computers or microwave 
systems.) To join in the design of complete checkout systems for 
missiles and associated subsystems. 


Guidance Design Engineer. E. E. or Physics Degree, plus 2 or more years 
experience. To design various active and self-contained missile guidance 
systems, and to design and develop radar beacons. 


Reliability Analyst. Requires M.E., Physics, E.E., or Math Degree; 
broad knowledge of electronic and mechanical systems; experience in 
operations research or reliability. Helpful: statistical methods experience. 


Electronic Packaging Engineer. M.E., E.E., or equivalent packaging design 
experience. To help design ground, airborne and shipboard 
electronic equipment for use in severe environments. Involves 
consideration of heat transfer, shock, vibration and other factors. 


Field Service Engineer. B.S. in E.E. or M.E. and experience in airborne 
electronics equipment. To assist and consult with Navy personnel 
on operation and maintenance of autopilot and fire control systems 
for high performance aircraft. 


To arrange for a personal interview, or for more informa- 
tion on these or other current openings, return coupon to: 


C. A. Besio 

Supervisor, Engineering Personnel 

CHANCE VOUGHT AIRCRAFT, Dept. AER-7 
Dallas, Texas 


Iama Engi 


interested in the opening for 


City. State. 
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Te -lent le SS: a missile that pierces hostile sky 


Vought Vocabulary 


to pinpoint its nuclear strike 


When a target’s latitude and longitude are marked on 
this missile’s brain, an appointment has been made. 

To keep its rendezvous, the Chance Vought Regulus II 
performs miracles of navigation: it will launch stealthily 
from submarines — nuclear and conventional — from 
surface craft and mobile shore launchers. It will com- 
pensate automatically for wind and weather and for 
the earth’s rotation. It will detour enemy strongpoints, 
outfox known counterweapons. Closing in on its quarry, 
it can plummet from over 60,000 feet to smokestack 
height to escape radar detection. 

In minutes, Regulus II can pierce over 1,000 miles of 
hostile sky to score a nuclear bull’s-eye. 


The first of the Navy’s nuclear-driven subs, designed 
to roam the seas as unseen Regulus II bases, is now in 
construction. The missile itself has made over 25 suc- 
cessful flights. Under Navy leash in key locations, it will 
be a relentless watchdog for peace. : 

Scientists and engineers: pioneer with Vought in new mis- 
sile, manned aircraft, and electronics programs. For details 
on select openings write to: C. A. Besio, Supervisor, 
Engineering Personnel, Dept. AER-7. 


CHANCE 


OUGHT AIRCRAFT 


INCORPORATE DO CALLAS, TEXAS 


yak 
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Graham. U.S., 
1955. 45 pp. 

Results of Rocket Model Test of an Airplane 
Configuration Having an Arrow Wing and Slender 
Flat-Sided Fuselage; Lift, Drag, Longitudinal 
Stability, Lateral Force, and Jet Effects at Mach 
Numbers Between 1.0 and 2.3. Robert F. Peck. 
U.S., NACA RM L55L29, Feb. 21, 1956. 26 
pp. 


NACA RM A54L20, Mar. 23, 


Aeroelasticity 


Aerodynamic Theory and its faiertioe to 
Flutter. I. R. Garrick. (NAT ARD 3rd 
Structures & Materials Panel, W at oa 10-17, 
1956.) NATO AGARD Rep. 34, Apr., 1956 
33 pp. 33 refs. Survey of the status of aerody- 
namic theory in relation to flutter analysis. Ap 
plications of some recent developments in the 
theory of oscillating wings, offering promise for 
the flutter analysis of low-aspect wings, are in 
dicated. 

A Review of the Present Papities on Flutter. 
Haydn Templeton. (NATO AGARD 3rd 
Structures & Materials Panel, Wash., Apr. 10-17, 


1956.) NATO AGARD Rep. 57, Apr., 1956. 
16 pp. 102 refs. 

On the Numerical Solution of Characteristic 
Equations in Flutter Analysis. J. N. Franklin. 
Assoc. Comp. Mach. J., Jan., 1958, pp. 45-51. 
Development of a new calculation method for the 
determination of characteristic polynomials of 
aerodynamic stability. 

On the Principal Frequency of a Membrane. 
Zeev Nehari. Carnegie Inst. Tech., Dept. Math., 
TR 20 (AFOSR TN 57-713) [AD 136706}, Nov., 
1957. 12 pp. Discussion of the possible gen- 
eralization of Rayleigh’s theorem to include the 
case of nonhomogeneous membranes. 


A Comment on the Methods of Calculating 
Natural Modes and Frequencies of Vibration. 
Samuel Silverberg. J. Aero. Sci., Apr., 1958, p. 
275. Presentation of modifications on certain 
elastic coefficients in analyses suggested by 
Myklestad and W. T. Thomson in order to gen- 
eralize and simplify the calculations. 

Asupra unei Metode Grafice pentru Deter- 
minarea Frecventelor Proprii ale Vibratiilor 
Flexionale la Grinzi Libere cu Distributie Neuni- 
forma a Rigiditatiisia Masei. V. Manea and E. 


Circuit breaker 
actuator motor 


Precision-built 
instrument motor 


POWER... 


For Top Performance of Your Product 


“Prescription Power’ with a Lamb Electric Motor means— 


...a motor designed to the exact requirements of your 


product... 


... built-in dependability that results from 42 years of 
small-motor experience . . . 


... favorable cost because our plant is geared to produce 
custom-made quality on a volume basis. 


May we demonstrate these advantages of Lamb Electric 


Motors to you? 


THE LAMB ELECTRIC COMPANY ° 


KENT, OHIO 


A Division of American Machine and Metals, Inc. 
In Canada: Lamb Electric—Division of Sangamo Company Ltd.—Leaside, Ontario 


SPECIAL 
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Procopovici. Stud. Cerc. Mec. Aplic., No. 3, 
1957, pp. 897-904. In Rumanian, with sum- 
maries in Russian and French. Development of a 
graphical method for determining the natural 
frequencies of flexural vibrations of free bars 
with nonuniform rigidity and mass distribution. 


Remarks on Systematizing the Calculations of 
the Natural Modes of a Free Structure. R. 
and D. Clerc. J. Aero. Sci., Apr., 1958, 

276-278. Presentation of a method using a 
pact matrix 7 to handle free-body equilib- 
rium. This general scheme leads to a classical 
matrix relation for a characteristic-value prob- 
lem and requires only a deductive establishment 
of certain matrices of geometric, mass, and elastic 
information. 


Free Vibration with Damping of Marked Non- 
Linear Character. Stefan Ziemba. Arch. Mech. 
Stosowanej, No. 5, 1957, pp. 525-548. Investiga- 
tion of the properties of the equation of damped 
vibration using a phase plane method and Lié- 
nards graphical method. 


Assessment of Vibration Nuisance. G. G. 
Boiten. (Just. T.N.O. Werktuigkundige Constr., 
Delft, Rep. 345, Sept., 1956.) Gt. Brit., RAE Lib. 
Transl. 695, Oct., 1957. 5 pp. Presentation of 
methods for analyzing a vibration spectrum and 
estimating the vibrational nuisance level. 


The Harmonically Oscillating Wing with Finite 
Vortex Trail. P. F. Jordan. Gt. Brit., ARC 
R &M 3038 (July, 1953) 1957. 18 pp. i4 refs. 
BIS, New York, $0.99. Theoretical investiga- 
tion of the wing and tabulation of the ‘‘incom- 
plete circulation functions.’’ An agreement 
with an open-jet wind-tunnel test is obtained 
and a contradiction with close-jet wind tunnels is 
discussed. 

Divergence of Delta and Swept Surfaces in the 
Transonic and Supersonic Speed Ranges. Ap- 

endix—Estimation of Chordwise-Distortion Ef- 
ects on the Divergence of Swept and Delta Sur- 


faces. Franklin W. Diederich. (NATO 
AGARD 3rd Structures & Materials Panel, 
Wash., Apr. 10-17, 1956. NATO AGARD 


Rep. 42, Apr., 1956. 38 pp. 35 refs. Methods 
of analyzing divergence as well as subcritical 
static aeroelastic phenomena are discussed in 
some detail, with particular reference to ap- 
proaches suitable for problems where the simple- 
beam theory is inadequate. 


Experimental Results from a Test in Rough 
Air at High Subsonic Speeds of a Tailless Rocket 
Model Having Cruciform Triangular Wings, and 
a Note on the Calculation of Mean Square Loads 
of Aircraft in Continuous Rough Air. A. James 
Vitale and Jesse L. Mitchell. U.S., NACA RM 
L55L28, Apr. 13, 1956. 25 pp. 


Gusts, Load Factors -_ Gust Envelopes. 
The Log, Jan., 1958, pp. 14-19. Discussion of 
the forces acting on an vt when it en- 
counters a gust. 


Aeronautics, General 


Report of Technical Sessions—26th Annual 
Meeting, IAS. Allan Bernhardt. Aero. Eng. 
Rev., Apr., 1958, pp. 58-61. Includes such sub- 
jects as: aerodynamics, aeroelasticity, safety, 
instruments, missiles and missile guidance, struc- 
tures, earth satellites, VTOL and STOL, and space 
medicine. 


Organizational Aspec:s of the Environmental 
Problem. Ray M. Daniel. Environmental 
Quart., 1st Quarter, 1958, pp. 9, 10, 20. Discus- 
sion on two problems—the establishment of 
realistic environmental criteria for all portions 
of each weapon system, and the establishment of 
general areas of customer and contractor re- 
sponsibility for the solution of the above technical 
problem. 


Invention in Flight. J. L. B. Blizard. Tech. 
Rev., Feb., 1958, pp. 204-207, 216, 218. 23 refs. 
Discussion including the evolution of flight in 
nature and flight by man, as well as some prog- 
ress impediments. 

Aeronautics and Missiles. G-E Rev., Jan., 
1958, pp. 46-51. Brief review of General Elec- 
tric’s contribution to the development in aero- 
nautics during 1957. 


Air Transportation 


Air Cargo—the Next Ten Years. Stanley H. 
Brewer. (Air Transp., Dec., 1957; Jan., 1958, 
pp. 12-15, 23, 24; 17-19, 30-32!) ~ Shell Av. 


News, Dec., 1957, pp. 6-9. 


Vision in Air Cargo. II. Stanley H. Brewer. 
Air Transp., Jan., 1958, pp. 17-19, 30-32. 


Airplane Design 


Designing for Aircraft Reliability. George S. 
Schairer and Herbert S. Clayman. SAE 
Jan., 1958, pp. 76, 77. Discussion of reliability 
as a factor to be considered in preliminary design 
calculations. Reliability is broken down into 
five types: safety, task, nuisance, maintenance, 
and overhaul. 


The S-R.177. M. J. Brennan. Saro Prog., 
No. 4, 1957, pp. 3-6. Discussion of the aircraft's 
development with special consideration of its 
dual propulsion system. 
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It takes 
precision 


equipment 


to solve 
many 


problems 
of flight. 


Rohr is famous for being first with the latest 

manufacturing tools to solve production problems of many 
aircraft parts. And when there is no special machine 

to mass produce a special part . . . Rohr is first in 
knowledge and know-how to design and build or adapt 
machines to make components better, faster and cheaper. 


Just one of the reasons Rohr, today, is the 


WORLD’S LARGEST PRODUCER 
OF COMPONENTS FOR FLIGHT 


AIRCRAFT CORPORATION 


MAIN PLANT AND HEADQUARTERS: CHULA VISTA, CALIF.; PLANT: RIVERSIDE, CALIF.: 
ASSEMBLY PLANTS: WINDER, GA.; AUBURN, WASH. 
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Samolet Tu-114. S. Eger. Grashdanskaia 
Aviatsiia, Dec., 1957, pp. 19-23. In Russian. 
Discussion of the design and operating char- 
acteristics of the Tu-114 transport aircraft. 


USAF F-104 Completes Test Program, Enters 
Squadron Use. Irving Stone. Av. Week, Feb. 
10, 1958, pp. 66-84. Presentation of design, 
structural, and systems characteristics for Lock- 
heed fighter capable of Mach 2.0 performance. 
A discussion of the development history, pro- 
duction techniques, and testing program is also 
given. 

The Vulcan Story. Flight, Jan. 31, 1958, pp. 
142-150. Discussion of the design history and 
structural characteristics of the Avro bomber. 

More About the Vulcan. The Aeroplane, 
Jan. 31, 1958, pp. 143-152, cutway drawing. 
Discussion of structural details of the aircraft 
and presentation of some of the methods adopted 
for its construction. 

Reds’ MiG-21 Can do Mach 2. Av. Age, 
Feb., 1958, pp. 44-49. Analysis of the Soviet 
fighter, with design and performance details. 

Replacement of Piston Engines by Gas Tur- 
bines in Air Liners. H. Sammons. RAeS J 
Feb., 1958, pp. 94-104. Discussion of the 
changes in the aircraft in order to convert to a 
Napier Eland power plant; the performance 
of the converted aircraft; and a study of the 
economics of the aircraft before and after conver- 
sion. 

Down on a Dime. CEC Recordings, Jan.- 
Feb., 1958, pp. 3-5. Discussion of an automatic 
landing system developed by Bell Aircraft Cor- 
poration and of its instrumentation. 


How to Design Radome Suerte for High 
Speed Aircraft and Missiles. R.M. Kubow and 
N. J. Linardos. Av. Age, Feb., 19: 58, pp. 74-79. 
Presentation of design considerations taking into 
account transmission efficiency, rain erosion, 
aerodynamics, and icing. Materials selection 
and fuselage attachment are also considered. 


A Hunter Made for Two. The Aeroplane, 
Jan. 3, 1958, pp. 15-18. Discussion of the design 
ane and performance of the Hunter 


Making the P. 1 Wing; Details of the Struc- 
tural Design and Production Problems. (Air- 
craft Prod. Conf., 6th, Southampton, Jan. 2, 3, 
1958.) Flight, Jan. 10, 1958, pp. 47-51; Discus- 
sion, p. 61. 


Air Conditioning & Pressurization 


Cabin Pressure Control. Douglas Serv., Jan.- 
Feb., 1958. 24 pp. Partial Contents: Basic 
Principles of Cabin Pressurization. Components 
Common to Cabin Pressure Control Systems 
The KS-54 Cabin Pressure Control System. 


Control Systems 


Analytical Investigation of Acceleration Re- 
striction in a Fighter Airplane with an Auto- 
matic Control System. James T. Matthews, 
Jr. U.S., NACA TN 4179, Jan., 1958. 24 pp. 
Consideration of certain features intended to 
improve the acceleration-limiting characteris- 
tics of a normal-acceleration control system. 


Landing Gear 

A Study of the Aircraft Arresting-Hook Bounce 
Problem. Appendix I—Kinematics of Hook 
Motion Following Touch-Down from a Sinking 
Approach. Appendix II—Kinematics of Hook 
Motion Pract ay Impact on the Hook Suspen- 
sion. ~ III—The Motion of an Arrest- 
ing Hoo gg toon After Engaging an Ar- 
resting Wire. Appendix IV—-Approximate Equa- 
tion of Motion of an Arresting Hook Immedi- 
ately After Engaging an Arresting Wire. Ap- 

ndix V—The Behaviour of Arresting Gear 

eck Centre Spans Following the Passage of 
Aircraft Wheels. J. Thomlinson. Gt. Brit. 
ARC R&M 2980 (May, 1954) 1957. 46 pp. BIS, 
New York, $2.34 


Landing Skids Eliminated by Automatic De- 
vice. Auto. Control, Feb., 1958, pp. 26, 27. 
Description of an automatic anti-skid system, 
and discussion of its operation by following 
through a landing sequence. 


Mechanical Properties of Pneumatic Tires 
with Special Reference to Modern Aircraft Tires. 
Appendix A-—-Sample of Method of Deter- 
mination of Empirical Equations. Appendix B— 
Measurements of Tire Growth Due to Centrifu- 

al Forces. Appendix C-—Determination of 

ysteresis Constants from Free-Vibration Tests. 
Robert F. Smiley and Walter B. Horne. U.S., 
NACA TN 4110, Jan., 1958. 166 pp. 64 refs. 


Low-Speed Yawed-Rolling and 
Other Elastic Properties of a Pair of 40-inch- 
Diameter, 14-Ply-Rating, Type VII Aircraft 
Tires. Walter B. Horne and Robert F. Smiley. 
U.S., NACA TN 4109, Jan., 1958. 80 pp. 


Airports 
TO 


Area vid P. mson; Jr.. 
AGARD. Flight Test Panel, 
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20-24, 1957.) NATO AGARD Rep. 129, May, 
1957. 11 pp. Description of a system based on 
four main headings: (1) landing area, (2) ter- 
rain configuration, (3) surface roughness, and 
(4) soil description and bearing capacity. 

London’s Airports. Airports & Airport Eng., 
Nov.-Dec., 1957, pp. 110-114. Brief discussion 
of London's airport history showing that the 
central area can be suitably enlarged to handle 
all the traffic expected up to 1970. 

Hydraulics and Aircraft Fuelling. N. H. 
Brear. Air BP, No. 6, pp. 20-23. Discussion of 
problems in using pressure control for under- 
wing fueling. 


Aviation Medicine 


Interrelations of Space Medicine with Other 
Fields of Science. Hubertus Strughold. (JAS 
26th Annual Meeting, New York, Jan. 27-30, 
1958, Preprint 819.) Aero. Eng. Rev., Apr., 
1958, pp. 30-32, 37. 

Survival at High Altitudes. Arnold I. Beck. 
(LAS New York Sect., Garden City, Dec. 11, 1957.) 
Aero. Eng. Rev., Apr., 1958, pp. 33-37. Discus- 
sion of the interrelationship of problems in en- 
vironmental changes, i.e., variations in tempera- 
ture and barometric pressure, and the inherent 
problem of pressurization. Movement at high 
speeds in three dimensions is also considered. 

Descenso Estratosferico en Paracaidas. Ri- 
eardo Carrasco Flandes. Rev. Aero., Dec., 1957, 
pp. 942-948. In Spanish. Discussion of the 
physiological aspects of a parachute descent from 
high altitude. 

Pilot Reactions During II’”’ Balloon 
Flight. David G. Simons. J. Av. Med., Jan., 
1958, pp. 1-14. Human factor studies including 
reactions to the physical and temporal isolation 
in space environment, effects of heavy primary 
cosmic radiation on a human subject, and evalua- 
tion of the spontaneous activity level and pro- 
ductivity of the pilot in terms of feelings and 
attitude toward the situation throughout the 
various flight phases. 

Improved Cushion for Ear ¢.A.G. 
Shaw and G. J. Thiessen. A J., Be 1958, 
pp. 24-36. 26 refs cme pe the eleme entary 
theory of cover-type ear defenders, and presen- 
tation of a theory of operation applicable to the 
new cushion. Includes an account of the experi- 
ments leading to the cushion design and a dis- 
cussion of the flesh-impedance question. 

Protection During Missile Fueling. 
E. Miller. Missile Des. & Devel., Jan., 1958, 
pp. 20, 21. Discussion of respirators and protec- 
tive clothing. 

Pathologic Evaluation of Explosive Decom- 
pression to 65,000 Feet; Gross and Microscopic 
— of Rats Fixed at Altitude. Charles F. 
ae: Be! illiam M. Hall, and Fathollah K. Mostofi. 

. Med., Jan., 1958, pp. 15-26. 15 refs. 


‘eda Considerations in the Operation 
of Jets. Charles I. Barron. The Log, Feb., 1958, 
pp. 36-44. 

I—Vibration Nuisance. Il—Appendices to 
Report 147 (May, 1953) on Vibration Nuisance. 
W. ten Cate. (Inst. T.N.O. Werktuigkundige 
Constr., Delft, Reps. 147; 150, 1953.) Gt. Brit., 
RAE Lib. Transl. 693; Lib. Transl. 694, Oct., 
1957. 17; 10 pp. 33 refs. Review of various 
published informations on the evaluation of 
vibration nuisance levels for aircraft personnel. 


_ Proposed Laboratory Standard of Normal Hear- 
ing. John F. Corso. sA J., Jan., 1958, pp. 
14-23 34 refs. USAF-supported study to 
determine the normal hearing threshold for pure 
tones by ear-phone listening for three groups of 
otologically normal subjects ranging in age from 
18 to 24 years inclusive and showing a life his- 
tory of minimal exposure to high intensity noise. 


Ceiling Altitude Tolerance Following Physical 
Training and Acclimatization. Bruno Balke and 
J. Gordon Wells. J. Av. Med., Jan., 1958, pp. 
40-47. Study in a low-pressure chamber for 
determining the physiologic flexibility of the 
human subject in terms of hypoxic tolerance. 


Mechanoreceptors, Gravireceptors. Hubertus 
O. Strughold. (AAS 3rd Annual Meeting, New 
York, Dec. 7, 1956.) J. Astronautics, Winter, 
1957, pp. 61-63. 16 refs. Discussion of the 
anatomy of sensing devices and of their physical 
function under normal gravitational and zero- 
gravity conditions. 


The Effect of Positive Acceleration on Visual 
Reaction Time. John Lott Brown and Richard 
E. Burke. J. Av. Med., Jan., 1958, pp. 48-58. 
12 refs. Experimental investigation on a 50-ft. 
centrifuge of the relations of both acceleration 
tolerance and reaction time to test light lumi- 
nance under positive acceleration. 


Support of Upper Body Against 
Forces in Aircraft. John R. Poppen. J. ). 
Med., Jan., 1958, pp. 76-84. Establishment of 
principles to be applied in the design of personal 
equipment for support accomplishment; includes 
certain preliminary tests confirming the validity 
of these principles. 


Theoretical Investigations of Dynamic Re- 
sponse of Man to High Vertical Accelerations. 
John L. Hess and Charles F. Lombard. J. Av. 
Med., Jan., 1958, pp. 66-75. Study of the ac- 
celeration velocities of jet escape systems in terms 


Arthur 


of the structural strength of the human spine as a 
magnitude limiting-factor, using the mathemati- 
cal theory of deformation. 


Experiments Conducted on a Swing Device for 
Determining Human Tolerance to Lap Belt Type 
Decelerations. Sidney T. Lewis and John P, 
Stapp. USAF MDC TN 57-1 [AD 135005], 
Dec., 1957. 21 pp. Description of the device 
and presentation of data obtained from 21 
dummy and 19 human tests. 


Human Engineering 


Man-Machine Dynamics. Jerome H. Ely, 
Hugh M. Bowen, and Jesse Orlansky. USAF 
WADC TR 57-582 [AD 131082], Nov., 1957, 
103 pp. 116 refs. Discussion of factors affect- 
ing human performance in tracking and in watch- 
keeping tasks; includes recommendations to- 
ward improving the performance of such systems, 


Terminal System Effectiveness as a Function 
of the Method Used by Controllers to Obtain 
Altitude Information; A Study in Human Engi- 
neering Aspects of ‘Radar Air Traffic Control. 
Lowell M. Schipper, J. S. Kidd, 
and Alfred F. Smode. USA WADC TR 
57-278 [AD 118267}, June, 1957, 19 pp. ll refs. 


Direction-of-Knob-Turn Stereotypes. James 
V. Bradley. USAF WADC TR 57-388 [AD 
130835], July, 1957. 11 pp. 


Comparative Information-Handling Perform- 
ance with Symbolic and Conventional Arabic 
Numerals: Verbal and Motor Responses. Earl 
A. Alluisi and Hugh B. Martin. USAF WADC 
4 57-196 [AD 118160), Apr., 1957. 12 pp. 15 
refs. 


Effects of Variations in Control Deadspace and 
Gain on ey Performance. Marty R. Rock- 
way. USAF WADC TR 57-326 [AD 118347], 
Sept., 1957. 12 pp. Experimental investigation 
concerning the efficiency of a first-order manual 
control system. Six experienced subjects per- 
form on a one-dimensional compensatory track- 
ing device using each of the twelve control condi- 
tions resulting from combining four levels of con- 
trol deadspace and three gain levels. 


Operational Regions and Bio-Aerodynamic 
em of Future Aircraft Escape Systems. 
ichard L. Geer. USAF WADC TR 57-590 
131089], Oct., 1957. 18 pp. 


Computers 


Thermal Computers. George A. Gedney. 
ARMA Eng., Dec., 1957-Jan., 1958, pp. 4-6. 
Description of thermal computers including 
their advantages and application fields. 


Generating Characters for Cathode-Ray Read- 
out. Kenneth E. Perry and Everett J. Aho. 
Electronics, Jan. 3, 1958, pp. 72-75. Descrip- 
tion of an analog device displaying alphabetic or 
numeric characters on the face of a cathode-ray 
tube by spot deflection in order to trace out each 
desired character smoothly and continuously, 


AYDAR, Special Purpose Analog Machine 
for Yaw Data Reduction. Serge J. Zaroodny and 
Tadeusz Leser. Assoc. Comp. Mach. J., Jan., 
1958, pp. 89-99. Theoretical outline of yaw in 
ballistics and description of the AYDAR’S char- 
acteristics and performance. 


A High-Scanning-Rate Storage Device for 
Computer Applications. . Baumann. As- 
soc. Comp. Mach. J., Jan., 1958, pp. 76-88. 11 
refs. ONR- sponsored detailed description of the 
apparatus in which the binary-digital informa- 
tion recorded on a photographic medium in the 
form of spots is projected on a rotating mirror 
by a device similar to a common slide projector. 


SWAC Experiments on the Use of Orthogonal 
Polynomials for Data Fitting. Marcia Ascher 
and George E. Forsythe. Assoc. Comp. Mach. J., 
Jan., 1958, pp. 9-21. ONR-sponsored research. 


A New Bistable Element Suitable for Use in 
Digital Computers. . D. Florida. Elec- 
tronic Eng., Feb., 1958, pp. 71-77. Description 
of a fast switching circuit with a high current 
capacity and a low output impedance. 


I—The Synthesis and Analysis of nine 
Systems A. Boolean Matrices. Joseph O. 
Campeau. Simulation of Transistor Switch- 
ims Circuits on the IBM 704. R. J. Domenico. 

—An Optimum Character Recognition oe 
Using Decision Functions. C. K. Chow. IV— 
An Analysis of Certain Errors in ci Dif- 
ferential Analyzers; Bandwidth Limitations. 
Paul C. Dow, Jr. V—Synthesis of Vector Net- 
works. R. E. Horn and V. G. Fauque. VI— 
Switching Functions of Three Variables. D. W. 
Davies. VII—Analysis of Sequential Machines. 
D. D. Aufenkamp and F. E. Hohn. JRE Trans., 
EC Ser., Dec., 1957, pp. 231-285. 30 refs. 


The Digital Computer; Elements and Applica- 
tions. Roy G. “~*~ tman. Sperry Eng. Rev., 
Nov.-Dec., 1957, pp. 24-30. 


Anwendung Digitalrechner zur 
Lésung flugmechanischer Prob leme. Werner 
Niemz. ZFW, Feb., 1958, pp. 47-52. In Ger- 


man. Application ‘of electronic digital com- 
puters to the solution of flight dynamic problems. 


(Continued on page 116) 
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ACOUSTICS, SOUND, & NOISE 


TUNED SPOT DAMPERS FOR AIRCRAFT 
SOUNDPROOFING; A FEASIBILITY AND DEVEL- 
OPMENT STUDY. H. F. Reiher, R. N. Hamme, 
and R. E. Hamilton, USAF WADC TR 57-519 [AD 
131081], Oct., 1957. 174 pp. Presentation of de- 
tailed sound transmission measurements in the po- 
tentially resonant range of frequencies for a simu- 
lated aircraft fuselage section. Design parameters 
are investigated extensively by a free-vibration 
criterion of damping effectiveness, and correlations 
are developed between the damping criterion, the 
response of steady-state excitation, and the reso- 
nant sound transmission of panel structures. 


NOISE SURVEY UNDER STATIC CONDITIONS 
OF A TURBINE-DRIVEN FULL-SCALE MODIFI- 
ED SUPERSONIC PROPELLER WITH AN AD- 
VANCE RATIO OF 3.2. M. C. Kurbjun. US, 
NACA TN 4172, Jan., 1958. 17 pp. Measurement 
of overall sound-pressure levels and frequency 
spectra of the noise emitted from a 10-foot-diame- 
ter, 1,700-r.p.m. three-blade modified superson- 
ic propeller mounted on a turbine-powered air- 
plane under static conditions around a circle with 
a 100-foot radius about the propeller hub. The 
results are compared with those for a supersonic 
and a conventional subsonic propeller, The effects 
of power and rotational speed change on the noise 
levels and spectra are also shown, 


REVERBERATION CHAMBER STUDY OF THE 
SOUND POWER OUTPUT OF SUBSONIC AIR JETS, 
R. V. Waterhouse and R. D. Berendt. ASA J., 
Feb., 1958, pp. 114-12]. 16 refs. Investigation to 
determine the sound spectra and acoustic power 
radiated by air jets over a range of subsonic ve- 
locities. Different air jets are used with sound 


and square velocity profiles; nozzles of circular 
cross section and nozzles with saw-tooth and cor- 
tugated ends are also used. Of these nozzles only 
the latter type gave a significant (9 db) reduction 
in sound power output for a given pressure ratio. 
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A study is made on the limitations of the reverber- 
ation chamber technique caused by the absorption 
in the chamber. When this absorption becomes 
considerable, the measurement of sound pressure 
level in a circle around the sound source revealed 
a direction pattern, and the assumption of uniform 
energy distribution in the chamber became invalid. 


AERODYNAMICS 


Aerothermodynamics 


ON THE HEAT TRANSFER TO CONSTANT- 
PROPERTY LAMINAR BOUNDARY LAYER WITH 
POWER-FUNCTION FREE-STREAM VELOCITY 
AND WALL-TEMPERATURE DISTRIBUTIONS. 
Isao Imai. Quart. Appl. Math., Apr., 1958, pp. 
33-45. 12 refs. Analysis of heat transfer by 
means of an improved version of the previously 
developed WKB method. As an example the Blas- 
ius flow and stagnation flow are considered for 
several values of n, and the results are compared 
with the purely numerical computations by Levy 
and by Chapman and Rubesin, as well as with the 
analytical approximate formulas obtained by Schuh, 
Fettis, and Lighthill. 


Boundary Layer 


THE SOLUTION OF COMPRESSIBLE LAMINAR 
BOUNDARY LAYER PROBLEMS BY A FINITE 
DIFFERENCE METHOD. II - FURTHER DISCUS- 
SION OF THE METHOD AND COMPUTATION OF 
EXAMPLES. D. C. Baxter and Irmgard Fligge- 
Lotz. Stanford U., Div. Eng. Mech. TR 110 
(AFOSR TN 58-1) [AD 148040], Oct. °15, 1957. 220 
pp. 8l refs. Application of a finite difference so- 
lution of the corresponding differential equations 
to the investigation of the compressible boundary 
layer with variable pressure gradient and wall 
temperature. The Crocco form of the equations 
is used; the method is programmed on an IBM 650 
digital computer; the Prandtl Number is assumed 
constant at 0.72; and the Sutherland viscosity law 
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is introduced. With the exception of flows which 
involve overshoot, the method will allow determi- 
nation of boundary-layer behavior under any com- 
bination of pressure gradient and wall temperature 
or heat flux variation. It is limited only in that 
(a) starting profiles must be provided at some dis- 
tance downstream of the nose and (b) the time re- 
quired to compute a particular example of interest 
may be long. Includes investigation of the stabili- 
ty of the numerical solution of boundary-layer e- 
quations; consideration of several examples in- 
‘volving flow over nonisothermal flat plates where 
the pressure gradient is zero; and comparison of 
heat-transfer results to the specializations and 
extensions of Lighthill's results. 


THE SOLUTION OF COMPRESSIBLE LAMINAR 
BOUNDARY LAYER PROBLEMS BY A FINITE 
DIFFERENCE METHOD. III - THE INFLUENCE 
OF SUCTION OR BLOWING AT THE WALL. 
Irmgard Fligge-Lotz and J. T. Howe. Stanford 
U., Div. Eng. Mech. TR lll (AFOSR TN 58-2) 

[AD 148041], Oct. 15, 1957. 44 pp. Investigation 
of the influence of a transverse velocity at a porous 
wall on skin friction, heat transfer, and laminar 
separation. A modification of the finite difference 
scheme is used to include the transverse velocity 
effects in the computation at the wall point. Series 
expansions involving the shear stress and the en- 
thalpy derivative are employed at each wall point. 
A number of examples are presented illustrating 
the flow over both hot and cold walls, andexamples 
with and without pressure gradient are discussed. 


AN APPROXIMATE BOUNDARY-LAYER 
THEORY FOR SEMIINFINITE CYLINDERS OF 
ARBITRARY CROSS-SECTION. E. Varley. 

Brown U., Div. Appl. Math. Rep. (AFOSR TN 58-53) 


[AD 148095], Jan., 1958. 27 pp. Presentation of 
an estimate for the distribution of skin frictional 
force per unit length and of displacement area on 
the outside of a semiinfinite cylinder of arbitrary 
cross-section, moving steadily in a direction par- 
allel to its generators. The Pohlhausen method is 
used with a velocity distribution selected to yield 
zero viscous retarding force on the boundary layer 
approximations. Results for the elliptic cylinder 
and finite flat plate are given in closed form, as 
well as an estimate of the effect of corners on skin 
frictional force and displacement area. 


EFFECT OF MACH NUMBER ON BOUNDARY- 
LAYER TRANSITION IN THE PRESENCE OF 
PRESSURE RISE AND SURFACE ROUGHNESS ON 
AN OGIVE-CYLINDER BODY WITH COLD WALL 
CONDITIONS. R. J. Carros. US, NACA RM 
A56B15, Apr. 20, 1956. 30 pp. 2l refs. Free 
flight investigation on transition at Mach Numbers 
varying from 1.8 to 7.4. Results show that in- 
creasing Mach Number has a very favorable effect 
of increasing the extent of the laminar boundary 
layer for a given surface roughness. The transi- 
tion data, when plotted as a function of a factor in- 
dicative of heat transfer, shows that heat transfer 
is possibly responsible for a good deal of the in- 
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Crease in transition Reynolds Number with Mach 
"Number. 


The results also show that Mach Number, 
surface roughness, pressure rise, and Reynolds 
Number are found to influence transition in the 
Lees-Van Driest region of predicted infinite lami- 
nar stability. 


INVESTIGATION OF EFFECTS OF DISTRIBUT- 
ED SURFACE ROUGHNESS ON A TURBULENT 
BOUNDARY LAYER OVER A BODY OF REVOLU- 
TION AT A MACH NUMBER OF 2.01. Appendix - 
ESTIMATION OF CHANGE IN LAMINAR-SUB- 
LAYER THICKNESS FROM M = 1.61 TOM 2 2.01. 
J. R. Sevier, Jr., and K. R. Czarnecki. US, 
NACA TN 4183, Feb., .1958. 3l pp. Tests onthree 
ogive cylinders at zero angles of attack over a 
surface-roughness range from 23 to 480 micro- 
inches root mean square and for a Reynolds Num- 
ber range based on body length from 4 x 10® to 
30x10, Results show that distributed surface 
roughness effects are similar to those at a Mach 
Number of 1.61 and at subsonic speeds, i.e., fora 
given roughness height, some critical Reynolds 
Number exists at which the skin-friction law be- 
gins to depart from the classical turbulent skin- 
friction law because of the form drag of the indi- 
vidual roughness particles. It is further shown 
that increasing the Mach Number from 1.61 to 2.01 
increases the allowable roughness for a turbulent 
boundary layer by about 40%. This increase is in 
good agreement with that predicted on the basis of 
a constant ratio of allowable roughness height to 
laminar-sublayer thickness or to a constant value 
of the Reynolds Number based on allowable rough- 
ness height, shearing-stress velocity, and local 
conditions at the surface. 


EFFECT OF DISTRIBUTED GRANULAR-TYPE 
ROUGHNESS ON BOUNDARY-LAYER TRANSITION 
AT SUPERSONIC SPEEDS WITH AND WITHOUT 
SURFACE COOLING. A. L. Braslow. US, NACA 
RM L58Al17, Mar. 10, 1958. 22 pp. 14 refs. Ex- 
perimental investigation on a 10° cone made at 
Mach Numbers of 2.0land1.61. The critical value 
of the roughness Reynolds Number at the higher 
speeds is determined. The results indicate that 
the transitional-triggering mechanism of distrib- 
uted three-dimensional particles is the same at 
supersonic and subsonic speeds. The value of the 
three-dimensional roughness Reynolds Number 
parameter 4Rx, ¢ is approximately the same at 
supersonic and subsonic speeds. For a given 
stream Mach Number and Reynolds Number, sur- 
face cooling will promote transition due to existing 
three-dimensional roughness. At a Reynolds Num- 
ber less than its critical value, the roughness 
introduces no disturbances of sufficient magnitude 
to influence transition. 


BOUNDARY -LAYER DISPLACEMENT EFFECTS 
IN AIR AT MACH NUMBERS OF 6.8 AND 9.6. Ap- 
pendix A - LEADING-EDGE-THICKNESS EFFECTS. 
Appendix B - EFFECT OF VARIABLE y AND GAS- 
EOUS IMPERFECTIONS. Appendix C - SKIN FRIC- 
TION OF A FLAT-PLATE WING WITH DELTA 
PLAN FORM INCLUDING BOUNDARY -LAYER 
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DISPLACEMENT EFFECT. 
FRICTION OF A FLAT-PLATE DELTA WING 
WITH BOUNDARY-LAYER TRANSITION. M. H. 


Appendix D - SKIN 


Bertram. US, NACA TN 4133, Feb., 1958. 61 pp. 
26 refs. Presentation of measurements for pres- 
sure gradients induced by laminar boundary layer 
on a flat plate. The measured pressure distribution 
was predicted with good accuracy by a modification 
of the insulated-plate displacement theory which 
allows for the effect of heat transfer and tempera- 
ture gradient along the surface on-the boundary- 
layer displacement thickness. The total drag of 
thin wings with square and delta plan forms was 
measured at a nominal Mach Number of 6,8 over 

a wide range of Reynolds Numbers. The total drag 
was found to be greater than can be explained by 
adding 4 classical value of laminar skin friction to 
the estimated pressure drag. The difference is 
explained by the increase in skin friction caused by 
the boundary-layer-induced pressures, 


A SIMPLIFIED FORM OF THE AUXILIARY E- 
QUATION FOR USE IN THE CALCULATION OF 
TURBULENT BOUNDARY LAYERS. T. J. Black. 
Gt. Brit., ARC CP 370, 1958. 19 pp. 10 refs. 
BIS, New York, $0.45. Derivation of a new type 
of auxiliary equation for calculating the develop- 
ment of the form-parameter H in turbulent bounda- 
ry layers with adverse pressure gradients. This 
has been achieved by extending part of the previous 
analysis by Spence. Several results of the calcu- 
lations are compared with experiment. Attention 
is drawn to the similarity between the form of the 
new equation and that of Schuh's auxiliary equation. 


Control Surfaces 


JET DRAG OF WINGS WITH JET FLAPS. Ap- 
pendix I - THE AMOUNT OF FREE AIR ENTRAIN- 
ED IN A SUBSONIC JET. Appendix Il - EFFECT 
OF A PROPULSIVE JET EMERGING FROM A 
SLOT FORWARD OF THE TRAILING EDGE. P.R. 
Payne. Aircraft Eng., Mar., 1958, pp. 73-81. 
Analysis considering the density of the jet before 
and after mixing with free-stream air in which it 
is shown that Stratford's equation for jet density 
after mixing is accurate only for the case where 
the jet is cold. The flux of momentum behind an, 
airfoil with jet flap is examined, using the basic 
Stratford's approach, but with the difference that 
the density correction factor K is included in the 
analysis and an exact solution to the equation is 
obtained. It is suggestedthat contrary to Stratford's 
hypothesis momentum flux has little relationship 
to the force acting on the airfoil, because there is 
no mechanism whereby the momentum flux may be 
converted into a thrust force on the wing. The 
mechanism of jet drag is shown by the construction 
of a potential flow model. 


Fluid Mechanics & Aerodynamic Theory 


AN ENERGY PRINCIPLE FOR HYDROMAG- 
NETIC STABILITY PROBLEMS. I. B. Bernstein, 
E. A. Frieman, M. D. Kruskal, and R. M. Kuls- 
rud. Royal Soc. (London) Proc., Ser. A, Feb. 25, 
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1958, pp. 17-40. 20 refs. Analysis of the stability 
of static, highly conducting, fully ionized plasmas 
by means of an energy principle developed from 

one introduced by Lundquist. The derivation of the 
principle and the conditions under which it applies 
are given, The method is used to find complete 
stability criteria for two types of equilibrium situ- 
ations, The first concerns plasmas which are com- 
pletely separated from the magnetic field by an in- 
terface, The second is the general axisymmetric 
system. 


HYDROMAGNETIC STABILITY OF A CON-. 
DUCTING FLUID IN A CIRCULAR MAGNETIC 
FIELD. F.N. Edmonds, Jr. Phys. Fluids, Jan.- 
Feb., 1958, pp. 30-41. 13 refs. USAF-supported 
extension of the theory for viscous flow between 
two rotating coaxial cylinders as developed by 
Taylor and Chandrasekhar to the case when the 
fluid is an electrical conductor and a circular 
magnetic field is present. The equations governing 
marginal stability are derived, and boundary con- 
ditions for perfectly conducting cylinders (Fermi 
boundary conditions) are formulated for two cases 
when the difference in cylinder radii is small 
compared to their mean. 


ON MAGNETOHYDRODYNAMIC WAVES AND 
MAGNETIC TANGENTIAL DISCONTINUITIES IN 
RELATIVISTIC HYDRODYNAMICS. I. M. Kha- 
latnikov. (Zhurnal Exper.iTeoret.Fiz., May, 1957, 
pp.1, 092-1, 097.) Sov. Phys. - JETP, Dec.,1957, pp 
901-905. Translation. Derivation of equations for the _ 
velocity of waves in the presence of a magnetic 
field making an arbitrary angle with the direction 
of propagation of the waves in a medium with an 
arbitrary equation of state. The properties of 
purely magnetic tangential discontinuities in rela- 
tivistic hydrodynamics are also discussed. 


ON THE DIFFUSION OF A CHEMICALLY 
REACTIVE SPECIES IN A LAMINAR BOUNDARY 
LAYER FLOW. P. L. Chambré and J. D. Young. 
Phys. Fluids, Jan.-Feb., 1958, pp. 48-54. 14 
refs. ONR-supported investigation of a certain 
class of homogeneous volume reactions in fluid 
flow. A chemically reactive species is emitted 
from the surface of a body located in a hydrody- 
namic flow field. It diffuses into the fluid where 
it undergoes a simple isotherma] homogeneous 
transformation. The analysis given enables the 
reaction history of this component to be traced 
over the surface of a body. The development of a 
first-order reaction in the neighborhood of a flat 
plate is calculated. Two types of reactions are 
considered: in one case the reactant is destroyed; 
in the other, it is generated. 


THE EQUATIONS OF MOTION IN A MULTI- 
COMPONENT CHEMICALLY REACTING GAS (RE- 
SEARCH MEMORANDUM No. 5). S. M. Scala. 
G-E MOSD TIS R58SD205, Dec. 20, 1957. 35 pp. 
Presentation of the concept of "influscid" flow de- 
fined as the region where gradients of velocity, 
temperature, pressure,and species concentration 
are so small that transport processes related to 
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viscosity, thermal conductivity, thermal diffusion, 
pressure, and concentration diffusion may be con- 
veniently neglected. The "fluscid" region is then 
the boundary layer adjacent to the body, where the 
aforementioned gradients are so large that coupled 
transport processes constitute the essential physi- 
cal phenomena. The fundamental boundary layer 
equations, appropriate for the analysis of the inter- 
action between a flowing multicomponent chemical- 
ly reacting gas and a surface,are then formulated 
for a typical coordinate system. 


NEGATIVE MAGNUS EFFECT. Sadatoshi Ta- 
neda. Kyushu U., Rep. Res. Inst. Appl. Mech., 
No. 20, 1957, pp. 123-128. Experimental investi- 
gation of the negative Magnus force occurring dur- 
ing the rotation of a sphere about a cross-flow 
axis ina uniform stream. It is found that this ef- 
fect can be explained as a transition effect of the 
boundary layer from laminar to turbulent flow. 
Photographs of the actual flow pattern around a 
rotating sphere are taken by means of an aluminum- 
dust method, and the difference between the two 
flow patterns of ordinary Magnus effect and that of 
negative Magnus effect is given. 


INVISCID FLOW FIELD AROUND A BLUNT 
BODY AT HYPERSONIC SPEEDS. I - THE STAG- 
NATION POINT REGION. Ting Yi Li. Rensselaer 
Polytech.\Inst. Dept. Aero. Eng. TR AE5706 
[AD 136747], Sept. 7, 1957. 64 pp. 16 refs. Study 
of the inviscid hypersonic flow in the stagnation- 
point region on a blunt body of revolution, with 
particular emphasis on the determination of the 
effects of the body curvature. The flow field is 
assumed to be at thermodynamic equilibrium; the 
density variation within the shock layer is neglect- 
ed; and the shock layer thickness is taken to be 
constant in the stagnation-point region. Geometri- 
cal considerations lead to the conclusion that the 
blunt nose can be treated as essentially spherical. 
The results of the investigation are compared to 
the simple theory of Li-Geiger and it is found that 
the major effects of the body curvature are (1) to 
increase the shock detachment distance over the 
theoretical values predicted by Li-Geiger, (2) to 
provide a pressure relief on the body surface as 
predicted in the Newtonian-plus-centrifugal force 
formula, (3) to increase the value of the nondimen- 
sional velocity gradient at the stagnation point over 
the value obtained by Li-Geiger, and (4) to modify 
the velocity distribution within the shock layer. 


PRESSURE DISTRIBUTIONS AT TRANSONIC 
SPEEDS FOR PARABOLIC-ARC BODIES OF REV- 
OLUTION HAVING FINENESS RATIOS OF 10, 12, 
AND 14. R. A. Taylor and J. B. McDevitt. US, 
NACA TN 4234, Mar., 1958. 80 pp. Experimen- 
tal investigation on models tested at zero angle of 
attack through a Mach Number range from 0.80 to 
1.20,and Reynolds Number variation from 23.4 x 
10” to 28.6 x10". Data for axial faces, body 
pressures, and field pressures with the models at 
zero angle of attack are presented. The measured 
drag data coefficients, adjusted to represent free- 
stream static pressure at the model base and the 
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measured base drag are given. Tunnel-wall inter- 
ference effects in general depend on model geome- 
try, on the relative size of the model with respect 
to the tunnel size, and on the type of tunnel wall 
used. Interference-free data cannot be expected 
at transonic speeds unless the model size, relative 
to the tunnel size,is extremely small. A method 
for comparing the experimental results with 
slender-body concepts is obtained. 


AN INVESTIGATION OF THE UNSTEADY FLOW 
PATTERN IN THE WAKE OF CYLINDERS AND 
SPHERES USING A HOT-WIRE PROBE. C. Co- 
metta. Brown U., Div. Eng., TR WT-21 (AFOSR 
TN 57-760) [AD 136749], Oct., 1957. 3lpp. 14 
refs. Study of the behavior of the Strouhal Number 
at and near the critical Reynolds Number at sub- 
sonic speeds. Above a Reynolds Number of Re = 
200, 000 and a cylinder diameter to channel width 
ratio of 0.23 there appear two simultaneous vortex 
streets. On the outside of the ordinary vortex 
street two layers containing oscillations of lower 
frequency are observed. The dependence of the 
Strouhal Number on Reynolds Number behind three- 
dimensional bodies is determined. For spheres 
of diameter greater than about 2 cm. there appears 
to be a critical Reynolds Number of 7,400 at which 
the Strouhal Number changes rapidly from one val- 
ue to a very much different value. 


SUPERSONIC FLOW AROUND QUASI-CONICAL 
BODIES, WITH APPLICATION TO WING-BODY 
INTERFERENCE. H. J. Stetter. USAF OSR TN 
3 (TN 58-167) [AD 152194], 1958. 24 pp. Develop- 
ment of a theory for the computation of the line- 
arized supersonic flow field around a quasi-coni- 
cal body. The disturbance potential and its deriv- 
atives are gained from the boundary condition 
either by the use of characteristic functions or by 
reduction to the quasi-cylindrical problem. It is 
also demonstrated that not only the flow field 
around a slightly bumped or indented circular cone 
may be computed, but also the wing-body interfer- 
ence problem for a circular conical body with 
wings with supersonic leading edges may be solved 


SIMILITUDE OF HYPERSONIC FLOWS OVER 
THIN AND SLENDER BODIES - AN EXTENSION 
TO REAL GASES. H. K. Cheng. Cornell Aero. 
Lab. Rep. AD-1052-A-6 (AFOSR TN 58-87) [AD 
148136], Feb., 1958. 19 pp. 12 refs. Analysis of 
the similitude in the hypersonic inviscid flow field 
over thin or slender bodies based on the governing 
equations and boundary conditions. When local 
thermal equilibrium prevails, i.e., when the pro- 
perties of the gas are determined nearly by the 
thermodynamic properties corresponding to the 
local pressure and temperature, the parameter 
M,.7 of Tsien and Hayes remains the controlling 
parameter for the similar fields of hypersonic 
flows past thin or slender bodies. However, gener- 
al correlation of similar flows of real gases is pos- 
sible only between flows under the same free- 
stream atmosphere. Examples of correlation are 
given for flows of real gases over wedges. 
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EFFECT OF RADIATION ON SHOCK WAVE 
BEHAVIOR. R. E. Marshak. Phys. Fluids, 
Jan.-Feb., 1958, pp. 24-29. Presentation of the 
fundamental equations governing fluid dynamics 
including radiation, and derivation of the corre- 
sponding Rankine-Hugoniot conditions, for shock 
waves in the presence of radiation. Similarity. 
solutions are obtained for the constant density and 
constant pressure cases. Some results are stated 
for the combined radiation-fluid dynamics corre- 


sponding to a power law dependence of the temper- 
ature on the time. 


SHOCK WAVES OF LARGE AMPLITUDE IN 
AIR. Ia. B. Zel'dovich. (Zhurnal Exper.i Teoret. 
Fiz., May, 1957, pp.1,126-1,135.) Sov. Phys. - 
JETP, Dec. ,1957, pp. 919-927. 17 refs. Translation. 
Study of the state of air compressed by strong shock 
waves, taking dissociation and ionization into account 
Approximate expressions are given for the density 
and temperature in this region. The radiation 
from the front of the shock is considered. With 
increasing shock-wave amplitude, the observed 
surface temperature passes through a maximun, 
owing to the formation of an opaque layer of air, 
preheated by radiation ahead of the front of the 
wave. A proof is given of the nonexistence of a 
continuous solution and of the unavoidability of dis- 
continuities in the velocity, density, and tempera- 
ture in a strong shock wave with radiant heat ex- 
change. The wave structure is investigated in 
strongly-ionized gas with allowances for the slow 
energy transfer between the ions andthe electrons. 


TOCHNOE RESHENIE NELINEINOI ZADACHI 
O VZRYVE V GAZE PRI PEREMENNOI NACHAL!- 
NOI PLOTNOSTI. V. P. Korobeinikov. AN SSSR 
Dokl., Dec. 21, 1957, pp. 947, 948. In Russian. 
Derivation of an exact solution for the nonlinear 
problem involving an explosion in a gas of variable 


initial density, generating spherical, cylindrical, 
or plane shock waves. 


ON THE STRUCTURE OF THE FRONT OF 
STRONG SHOCK WAVES IN GASES. lu. P. Raizer. 
(Zhurnal Exper. i Teoret. Fiz., June, 1957, pp. 
1,528-1, 535.) Sov. Phys. - JETP, Dec. 15, 1957, 
pp. 1, 242-1,248. Translation. Investigation of 
the internal structure of a shock wave in air,taking 
into account radiant thermal conduction. Approxi- 
mate solutions of the equations of the mode are 
found, and profiles of the hydrodynamic quatities, 
density, and radiation flux are constructed. 


THE STRUCTURE OF SUPERSONIC FLOW. 
R. E. Meyer. Brown U., Div. Appl. Math. Rep. 
(AFOSR TN 58-52) [AD 148094], Jan., 1958. 15 pp. 
13 refs. Discussion of the invariant properties in 
the large of wave fronts, branch lines, and limit 
lines in the steady two-dimensional,irrotational 
and homentropic flow of perfect gas. 


NUMERICAL ANALYSIS OF INVISCID SUPER- 
SONIC FLOWS, UTILIZING THE STREAMSUR- 
FACE CHARACTERISTICS METHOD. C. Cobb, 
H. G. Loos, and S. Manus. Propulsion Res. 
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Corp. Rep. R-279 (AFOSR TN 58-105) [AD 152014}, 
Jan., 1958. 3l pp. Programming of the stream- 
surface characteristics method for the IBM-650 
digital computer. It is found that the isentropic 
supersonic flow between two close surfaces of ar- 
bitrary but regular shape, subject to proper bound 
ary conditions, can be determined at a speed of 
about 1.78 minutes per point. It is concluded that 
the IBM 650 is somewhat too small for the problem, 
and that the present computation should be re- 
programmed for a high-speed digital computer with 
a large storage capacity, such as the IBM-704. 


STATISTICAL BEHAVIOR OF A REACTING 
MIXTURE IN ISOTROPIC TURBULENCE. Stanley 
Corrsin. Phys. Fluids, Jan.-Feb., 1958, pp. 42- 
47. 10 refs. ONR-supported deduction of equa- 
tions for some statistical functions of the concen- 
tration of reactant made under the following re- 
strictions: (a) isotropy in turbulent velocity and 
concentration fluctuation fields, (b) negligible ef- 
fect of reaction on fluid motion, and (c) negligible 
effect of heat reaction on local reaction rate. 


Internal Flow 


THE EFFECT OF INLET CIRCUMFERENTIAL 
MALDISTRIBUTION ON AN AXIAL COMPRESSOR 
STAGE. R. C. Turner, J. Ritchie, andC. E. 
Moss. Gt. Brit., ARC R&M 3066, 1958. 16 pp. 
BIS, New York, $1.08. Description of tests ona 
single compressor stage with circumferentially 
nonuniform inlet conditions as a model of the first 
stage of a typical modern compressor. It is found 
that with a roughly rectangular inlet velocity dis- 
tribution of amplitude t 25% of the mean value, the 
surge flow instead of showing an expected increase 
is almost unchanged and is, in fact, slightly re- 
duced. The efficiency falls greatly, with an ac- 
companying small drop in temperature-rise coef- 
ficient. The velocity profile is distorted and its 


amplitude greatly decreased at the outlet of the 
stage. 


BERECHNUNG DER REIBUNGSLOSEN STRO- 
MUNG FUR EIN VORGEGEBENES EBENES 
SCHAUFELGITTER BEI HOHEN UNTERSCHALL- 
GESCHWINDIGKEITEN. H. Schlichting and E. G. 
Feindt. Forschung Gebiete Ing., Ausg. A, No. 
1, 1958, pp. 19-28. In German. Development 
of a simple approximate method, by means of the 
Prandtl-Glauert rule, for the frictionless com- 
pressible flow through a two-dimensional cascade 
as occurring at high subsonic speeds. The method 
is valid for cascades with arbitrary stagger angles, 
‘provided the blades are of moderate thickness and 
camber. The case ofthe compressible flow through 
a given cascade at any Mach Number is reduced 
during the calculation to a corresponding incom- 
pressible flow through a cascade having the same 
blades, arranged, however, with a smaller pitch 
ratio and a larger stagger angle. A comparison 

-of several pressure distributions as calculated 
along the blade profile shows good agreement with 


results measured in a high-speed cascade wind 
tunnel, 
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THEORETICAL INVESTIGATION OF SUBSONIC 
OSCILLATORY BLADE-ROW AERODYNAMICS. 
Appendix A - EXPRESSION OF AERODYNAMIC 
INTEGRAL EQUATION IN CONVENTIONAL FORM. 
Appendix B - APPLICATION OF AERODYNAMIC 
INTEGRAL EQUATION TO INCOMPRESSIBLE 
FLOW. Appendix C - COMPUTATIONAL PROCE- 
DURES. Frank Lane and Manfred Friedman. US, 
NACA TN 4136, Feb., 1958. 64 pp. 13 refs. De- 
velopment of a method for calculating aerodynamic 
oscillatory lifts and moments experienced by cas- 
cades or compressor blade-rows in subsonic flow 
as well as to examine analytically the existence of 
the resonance phenomenon, The kernel function 
of the aerodynamic integral equation is effectively 
_reduced by the Fourier transform; oscillatory lifts 
and moments are easily derivable without the ne- 
cessity of inverting. The results of a specific set 
of computations are presented in order to prove 
the accuracy and feasibility of the method. 


ON THE STABILITY OF VISCOUS FLOW IN A 
CURVED CHANNEL. W.H. Reid. Royal Soc. 
(London) Proc., Ser. A, Mar. ll, 1958, pp. 186- 
198. Analysis of viscous flow between two concen- 
tric cylinders due to a pressure gradient acting 
round the cylinders, considering the spacing be- 
tween the cylinders as small compared to their 
radii. Two methods of approximate solution are 
described, both of which show that instability first 
sets inwhenthe parameter R4(d/R)) attains a value 
of about 36 which is in close agreement with ear- 
lier results of Dean (1928). The pattern of motion 
which then occurs is of the familiar cellular type 
but with a marked asymmetry. 


TURBULENT FLOW THROUGH POROUS RE- 
SISTANCES SLIGHTLY INCLINED TO THE FLOW 
DIRECTION. A. L. Loeffler, Jr., and Morris 
Perlmutter. US, NACA TN 4221, Feb., 1958. 29 
pp. ll refs. Analytical and experimental studies 
of the channel flow of air through a porous resist- 
ance inclined at an angle of 3 1/2° to the axis of 
the channel with the air discharging into the at- 
mosphere. The analytical study introduces the 
assumption of an incompressible flow with an un- 
known parameter 3, defined as the fraction of the 
original momentum transferred to the fluid remain- 
ing inthe channel by the fluid entering the porous 
resistance. The results indicate: (a) a uniform 
flow from the porous wall can be obtained by shap- 
ing the wall of an inclined-flow apparatus where 
the angle between the incoming flow and the porous 
wall is small; (b) the developed theory can be ap- 
plied to predict the approximate wall shape for a 
uniform flow if the value of p is known; (c) values 
of ( of 0 and 0.2 are obtained experimentally for 
the perforated plate and plate-cloth resistances, 
respectively; and (d) the uniform flow is attained 
at the expence of increased loss of total pressure. 


EFFECT OF WALL COOLING ON INLET PA- 
RAMETERS OF A SCOOP OPERATING IN A TUR- 
BULENT BOUNDARY LAYER ON A FLAT OR 
CONICAL SURFACE FOR MACH NUMBERS 2 TO 
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10. Appendix A, B - DERIVATION OF INLET 
PERFORMANCE PARAMETERS: FOR SCOOP OP- 
ERATING IN A TURBULENT BOUNDARY LAYER 
WITH WALL COOLING. Appendix C - CALCU- 
LATION OF ADIABATIC-TO-COOLED BOUNDARY 
-LAYER THICKNESS RATIO. Andrew Beke. US, 
NACA TN 4153, Mar., 1958. 21 pp. Calculation — 
of the mass-flow, momentum, total-temperature, 
and total-pressure recovery ratios for a scoop 
inlet having a height equal to the boundary-layer 
thickness. Variations of the inlet parameters, 
for flat and conical surfaces, are presented for 
several wall-to-free-stream static-temperature 
ratios and for-Mach Numbers from 2to1l0. For 
wall-to-free-stream static-temperature ratios of 
unity, mass flow and momentum are up to 50% 
higher than for an adiabatic flat plate or conical 
surface. Associated with these changes are a 
total-temperature decrease up to 6% and a small 
increase in total-pressure recovery. 


ON THE DESIGN OF UNIFORM FLOW SUB- 
SONIC NOZZLES. D.M. Rao. Aero. Soc. India 
J., Nov., 1957, pp. 51-55. Analysis.based on 
one-dimensional flow and isentropic area-Mach 
Number relationship, which suggests a method of 
arriving at the boundary layer correction for taking 
into account all known and unknown secondary fluid 
dynamic effects which exist in’noncircular ducts. 
Experimental values of the boundary layer displace- 
ment thickness growth rate, obtained from a simple 
test on a constant area nozzle, are used to calcu- 
late the height divergence of a two-dimensional 
nozzle for uniform flow in the subsonic range. 


Stability & Control 


THE INFLUENCE OF NON-STATIONARY DE- 
RIVATIVES ON THE SNAKING MOTION AT HIGH 
SUBSONIC SPEED. J. Yff. Netherlands, NLL 
TR F. 208, Nov. 23, 1957, 37 pp. 10 refs. Pres- 
entation of some lateral stability calculations with 
two degrees of freedom for flights at Mach Num 
bers 0.7 and 0.9, assuming small aspect ratios 
and taking into account compressibility effects. It 
is found that only the yawing moment coefficient 
due to sideslip (Cp,) has a small influence on the 
damping in yaw, the influence of the other nonsta- 
tionary derivatives being negligible. Whether the 
introduction of Cp)g causes a decrease or an in- 
crease of the damping in yaw depends mainly on 
the aspect ratio of the vertical tail, but, for nearly 
all practical tail designs,an increase of the damp- 
ing in yaw will result. Furthermore, it is found 
that the theoretical nonstationary stability deriva- 
tives for vertical tails are practically independent 
of the reduced frequency. 


Wings & Airfoils 


NOTE ON SWEPT WING PLANFORMS WHICH 
CORRESPOND TO THE SAME TWO-DIMENSIONAL 
POTENTIAL PROBLEM FOR FINDING MINIMUM 
DRAG AS THE ELLIPTICAL PLANFORM. B. J. 
Beane. Douglas Rep. SM-22986, Nov., 1957. ll 
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pp. Analysis in which some swept wing plan forms 
are found, corresponding to the same two-dimen- 
sional potential problem for finding minimum drag 


as the elliptical plan form. It follows that, for 
fixed total lift, the theoretical minimum value of 
wave plus vortex drag for the swept wings is the 
same as for the corresponding elliptic wings. In 
most cases the areas of the swept wings are found 
to be less than the areas of the corresponding el- 
liptic wings. 


NEUSTANOVIVSHIESIA DVIZHENIIA KRYLA 
KONECHNOGO RAZMAKHA V SZHIMAEMOI 
SREDE. E. A. Krasil'shchikova. AN SSSR Dokl., 
Dec. 11, 1957, pp. 777-780. In Russian. Study 
of the spatial motion of a compressible fluid gen- 
erated by the nonstationary motion of a finite-span 
wing in a liquid at rest. The study of motion covers 
conditions under which only small perturbations 
are produced. The problem is linearized and the 
well known assumptions of the thin-wing theory 
are introduced. The solution is constructed along 
the fixed coordinate axes, x0yz, defining the spa- 
tial motion of the wing. 


DRAG DUE TO LIFT AT SUPERSONIC SPEEDS 
FOR A SWEPT WING COMPOSED OF TWO OPPO- 
SITELY-YAWED ELLIPTICAL PLANFORMS. 

B. M. Ryan. Douglas Rep. SM-22987, Nov., 1957. 
34 pp. Analysis to determine the drag of two co- 
planar elliptical plan forms, and comparison with 
the drag of the two noninterfering co-planar com- 
ponents. It is found that interference drag,which 
at small overlap is negative and thus favorable, 
can become positive or unfavorable as the overlap 
is increased. However, even in this case the 
yawed wings still have a drag advantage over the 
unyawed wings. Further reduction in the drag of 
the interfering yawed wing combination could be 
effected by the addition of favorably interfering lift 
distributions, since the distributions employed ip 
the calculations were nonoptimum for the combina- 
tion of two wings. 


THE WAVE DRAG OF WING-QUASI-C YLINDER 
COMBINATIONS AT ZERO INCIDENCE. Appen- 
dix - CONVERGENCE OF THE DRAG FORMULAE, 
L. E. Fraenkel. Aero. Quart., Feb., 1958, pp. 
55-70. 12 refs. Derivation of three drag formulas 
to supplement G. N. Ward's "area-transfer rule." 
The first involves the Laplace transforms of 
functions representing the strengths of the sources 
and multi-sources; the difficult problem of invert- 
ing these transforms is thereby avoided. The second 
involves these strength functions themselves, andis 
inthe formofa series of double integrals of the von 
Karman type. The third involves functions describ- 
ing the geometry of a hypothetical quasi-cylinder 
which has the same drag as the whole configuration 
in question. The convergence of these formulas is 
established. The results are then used to make an 
order-of-magnitude analysis for wing-slender- 
body combinations. 
are seen to be negligible when the ratio of body 
radius to wing chord is small, and the dominant 
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A large number of drag terms — 


terms of smooth bodies are those appearing in 
Ward's drag formula. 


AEROELASTICITY 


FLUTTER OF LOW ASPECT-RATIO WINGS. 
I - CALCULATION OF PRESSURE DISTRIBUTIONS 
FOR OSCILLATING WINGS OF ARBITRARY 
PLANFORM IN SUBSONIC FLOW BY THE KER- 
NEL-FUNCTION METHOD. Pao-Tan Hsu. MIT 
ASRL TR 64-1, Oct., 1957. 74 pp. 16 refs. Deri- 
vation of an improved method for the calculation 
of pressure distribution on an oscillating wing of 
arbitrary plan form in subsonic flow, based on a 
numerical solution of the pressure-downwash inte- 
gral equation. A continuous pressure distribution 
over the plan form, which satisfies the boundary 
conditions at the edges, is assumed. The numeri- 
cal integration is accomplished by taking a sum- 
mation of the point values of the integrand at a set 
of special integration stations. Several numerical 
examples are presented for the two- and three- 
dimensional cases. Results of the total lift and 
total moment on a 45° constant chord swept wing 
of aspect ratio two at M=0, k=4, and M=0. 8, k=0.4 
are also obtained. The result for M=0, k=0.4 
case is compared with the incompressible experi- 
mental result and shows reasonable agreement. 


FLUTTER OF LOW-ASPECT-RATIO WINGS. 
Il - AEROELASTIC MODEL DESIGN AND TESTING. 
M. M. Chen. MIT ASRL TR 64-2, Oct., 1957. 
105 pp. 16 refs. Study indicating that the design 
of a doubly-flexible model of a low-aspect-ratio 
wing is straightforward and successful when based 
directly on stiffness distributions and the analogy 
to an aelotropic plate. An improved technique of 
designing beam-like models for influence coeffi- 
cient data is also presented. Influence coefficients, 
mass distribution, and flutter data are given for a 
previously tested model of the XF-92A delta wing 
with elevon. The data are sufficient to permit 
flutter analyses to be carried out on the model. 


ON DAMPED FREE VIBRATION WITH PARTIC- 
ULAR REFERENCE TO SYSTEMS HAVING NEAR- 
LY-EQUAL NATURAL FREQUENCIES. R. E. D. 
Bishop and D. C. Johnson. Aero. Quart., Feb., 
1958, pp. 71-95. Derivation of an approximate 
theory for small damping using an analytical meth- 
od which shows the nature of the entrainment of the 
‘principal modes. The results are found toconfirm 
those of Southwell (who uses a physical argument) 
and are illustrated by an example. The approxi- 
mate theory is shown to need modification when 
there are two nearly-equal natural frequencies and 
the appropriate corrections are found. The analy- 
sis is made somewhat complicatedby the existence 
of two criteria of 'smallness" instead of one; these 
are the difference between the close natural fre- 
quencies and the amount of damping. 


AIRPLANE DESIGN 


OPEN CYCLE REFRIGERATION. E. J. Gabbay. 
Aircraft Eng., Mar., 1958, pp. 64-71. Review of 
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the basic theory of the bootstrap refrigeration and 
consideration of the main aspects of design and 
system performance. The bootstrap scheme of re- 
frigeration is an open cycle system resembling a 
turbojet engine in its mode of operation, but the 
overall heat energy changes occur in a reversed 
sense. 


FUELS & LUBRICANTS 
Propellants 


SOME EFFECTS OF OXIDIZER CONCENTRA- 
TION AND PARTICLE SIZE ON RESONANCE 
BURNING OF COMPOSITE SOLID PROPELLANTS. 
Leon Green, Jr. (ARS 12th Annual Meeting, New 
York, Dec. 2-5, 1957.) Jet Propulsion, Mar., 
1958, pp. 159-164. OSR-sponsored comparison of 
four composite propellant formulations tested at 
170°F. in internal-burning tubular charges, partial- 
ly supporting the widely held belief that the tendency 
toward irregular reaction increases as the energy 
content of the propellant is raised. However, the 
highest energy formulation showed a smooth reac- 
tion, apparently as a result of a burning rate lower 
than anticipated on the basis of Crawford bomb 
measurements. The results suggest that the rate 
of energy release affords a better measure of the 
relative stability behavior of various formulations 
than burning rate or energy content. 


ICE FORMATION & PREVENTION 


CORRELATIONS AMONG ICE MEASUREMENTS, 
IMPINGEMENT RATES, ICING CONDITIONS, AND 
DRAG COEFFICIENTS FOR UNSWEPT NACA 
65A004 AIRFOIL. V.H. Gray. US, NACA TN 
4151, Feb., 1958. 45 pp. ll refs. Establishment 
of the correlation by measuring the ice heights and 
angles from a variety of ice formations which are 
carefully photographed, cross-sectioned, and 
weighed. It is shown that ice weights increase at 
a constant rate with icing time in a rime icing con- 
i dition and at progressively increasing rates in 
7 glaze icing conditions. Good agreement is obtained 
nih for the initial rates of ice collection with values 
predicted from droplet impingement ‘data which, 
in turn, agree with previous theoretical calcula- 

a tions for angles of attack of 4° or less. Disagree- 
oF ment at higher angles of attack is attributed to 
flow separation from the upper surface of the ex- 
perimental airfoil model. 


METEOROLOGY 


FREE-AIR TURBULENCE. A, D. Anderson. 
J. Meteorology, Dec., 1957, pp. 477-494. 14 
refs. Analysis of 1,877 measurements made by a. 
gustsonde in order to determine the relation be- 
tween turbulence and meteorological parameters. 
A theory derived from the above-normal turbu- 
lence range has the following elements: (1) transi- 
tions occur in free-air turbulence flow, similar to 
transitions occurring in incompressible fluid flow; 
(2) transitions occur at certain values of Richard- 
son's Number R; (3) the vertical wind shear term 
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is the most important parameter in R governing 
the turbulent flow. 


MISSILES. 


ASUPRA MISCARII DE CADERE A RACHETE- 
LOR. N. Tipei. Stud. Cerc. Mec. Aplic., No.3, 
1957, pp. 619-628. In Rumanian, with summaries 
in Russian and French. Study of the motion of a 
rocket during its descent in vacuum with time-de- 
pendent traction, taking into account the variation 
of the gravitational field with altitude. The com- 
plete solution is obtained by means of power series 
of the ratio of velocity components, or in a closed 
form, in the case of zero-traction. For the de- 
scent through air it is shown that the exponential 
density law can be extended, in accordance with 
the new data on the physical characteristics of the 
atmosphere, to very high altitudes. By using a 
transformation of the equations of motion in the 
hodograph plane, the solutions for the problem are 
obtained on the assumption that the drag coefficient 
varies with Mach Number and that it is constant. 
It is concluded that, in general, the calculations 
are simpler than those currently in use and allow 
a higher degree of accuracy. 


OB URAVNENIIAKH ZADACHI OPREDELENIIA 
MESTOPOLOZHENIIA DVIZHUSHCHEGOSIA 
OB'EKTA POSREDSTVOM GIROSKOPOY I IZME- 
RITELEI USKORENII. A. lu. Ishlinskii. Prikl. 
Mat. i Mekh., Nov. -Dec., 1957, pp. 725-739. In 
Russian. Analysis of the theory covering a possi- 
ble version of the problem pertaining to the auton- 


omous determination (i. e., without the use of exter- 


nal orientation) of the location of a moving object, 
under the assumption that no errors were introduc- 
ed during the calculation. The following casesare 
included: displacement of an object along the arc 
of a large circle (a certain nonrotating sphere S) 
whose center coincides with the center of the earth; 
displacement of an object whose center moves ar- 
bitrarily along the earth's sphere; small displace- 
ments of a stabilized platform under the assump- 
tion that its plane was not initially located directly 
over the horizon and that the conditions pertaining 
to the selection of parameter values m) and m2 
introduced a smallerror. Also includes other 
methods of calculation leading to the same result. 


AN ANALYSIS OF THE OPTIMIZATION OF A 
BEAM RIDER MISSILE SYSTEM. Marvin Shinbrot 
and G. C. Carpenter. US, NACA TN 4145, Mar., 
1958. 33 pp. 13 refs. Derivation of a transfer 
function for a beam-rider missile guidance system 
which is optimum when the target moves in a non- 
stationary way. The effects of acceleration are 
considered,and a discussion of the miss as a func- 
tion of the various determining parameters is in- 
cluded. Also presented is a form of design chart 
which allows the immediate determination of the 
optimum under any set of target-missile conditions. 


GUIDANCE AND CONTROL PROBLEMS IN THE 
AIR FORCE BALLISTIC MISSILE PROGRAM. I. 
J.C. Fletcher. Aero / Space Eng., May, 1958. 
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pp. 50-54. Discussion of the principal problems 
encountered in guidance analysis, control systems, 


and radio guidance. The function of a guidance 

and control system is defined as the establishment 
of an appropriate flight path during the boost phase 
of the trajectory, and to terminate thrust at an 
appropriate velocity and position in space so that 
the resultant ballistic trajectory intersects the 
earth at the target point. The purpose of the meas- 
urement system, computer, and control system is 
outlined. The radio and the inertial measurement 
systems are discussed as to the advantages of each 
over the other, and the combination of the two sys- 
tems is also included. Control system design con- 
siders problems in fuel sloshing,damping, preven- 
tion of tumbling, and obtaining sufficient actuator 
speed. Tropospheric and ionospheric scattering 
problems are reviewed in terms of their effect on 
phase difference measurements for radio guidance. 
The effects of radio propagation through the ionized 
exhaust area are also considered. 


HYPERSONIC AERODYNAMIC FACTORS IN 
PERFORMANCE, GUIDANCE, AND CONTROL. 
W.H. Dorrance. Aero / Space Eng., May, 1958, 
pp. 30-33, 43. ll refs. Study of the possible effects of 
dissociation andionization behind strong shock waves 
on stability and guidance of hypersonic vehicles. 
The requirements for dynamic and static stability 
for certain classes of hypervelocity atmospheric 
entry bodies are described. It is concluded that 
stability and performance coefficients may be dif- 
ficult to determine because of the uncertain state 
of the knowledge on the behavior of high-tempera- 
ture air. A serious communication problem may 
arise, owing to the high electron density which may 
exist in the hot gas surrounding a hypersonic vehi- 
cle. Hypersonic atmospheric entry vehicles may 
require automatic control during descent to achieve 
pilot comfort, guidance, and fusing system accu- 
racy. Thermal protection systems for hyperveloc- 
ity vehicles may not be well suited to radome and 
electromagnetic wave propagation. 


A GENERALIZED OPTIMIZATION PROCEDURE 
FOR N-STAGED MISSILES. Leon Weisbord. Jet 
Propulsion, Mar., 1958, pp. 164-167. Presentation 
of a simple method for determining the optimum 
weight distribution for a staged rocket with differ- 
ent structural factors and propellant specific im- 
pulses in each stage. The method can be used in 
a first design estimate to determine the weight 
breakdown within each stage. 


NAVIGATION 


CROSS COUPLING IN INER’.' 43. NAVIGATION 
SYSTEMS. R. E. Wilson and J. B. Lewis. Aero / 
Space Eng. , May, 1958, pp. 60-65, 80. Study show- 
ing how the navigation of hypersonic aircraft over a 
nearly spherical earth involves significant interac- 
tion or coupling occuring between lateral (cross 
range) errors and azimuth errors, and also be- 
tween longitudinal (range) errors and vertical chan- 
nel (velocity and altitude) errors. It is shown that 
the major cause of both types of coupling is the 


(73) 


relatively high angular velocity of the aircraft about 
the center of the earth. Assuming essentially con- 
stant altitude,it is found that the normal load factor, 
defined here as the ratio of total vertical accelera- 
tion to sea-level gravity, is sufficient to describe 
the coupling parameters completely. Typical sim- 
ple expressions are given for estimating distance 
error responses in terms of the normal load factor 
in the case of a constant velocity flight. 


PHYSICS 


Special Issue: IGY INSTRUCTION MANUAL. 
IV - SOLAR ACTIVITY. V - NUCLEAR RADIA- 
TION; RADIOACTIVE FALL-OUT DATA AND 
THEIR INTERPRETATION. VI - RADIATION IN- © 
STRUMENTS AND MEASUREMENTS. IGY Ann., 
Vol. V, pts. IV, V, VI, 1958. 466 pp. 476 refs. 
IV - General plan for the centralization of solar data 
during the geophysical year and instruction manu- 
als for the different subjects referred to different 
centers. V - The use of radioactive tracers in 
meteorology, vertical distribution of radioactivity 
in the atmosphere, radioactivity as a tracer of air 
motions in the atmosphere, and summaries of other 
scientific papers. VI - Solar radiation, total 
(short-wave) radiatien of sun and sky, long-wave 
(terrestrial) radiation and the radiation balance, 
and reduction of records and presentation of data. 


THE STRUCTURE OF SHOCK WAVES IN A 
PLASMA, V. D. Shafranov. (Zhurnal Exper. i 
Teoret. Fiz., 1957, p. 1,453.) Sov. Phys. - JETR 
Dec. 15, 1957, pp. 1,183-1,188. Translation. In- 
vestigation of shock waves, taking into account the 
difference between the ion and electron tempera- 
tures. The following cases are considered: (a) 
nonstationary shock wave in which the exchange of 
energy between electrons and ions may be neglect- 
ed; (b) stationary shock wave; (c) stationary shock 
wave in a strong magnetic field. 


TECHNICAL REPORT OF RESEARCH PER- 
FORMED BETWEEN OCT. 1, 1956 AND SEPT. 30, 
1957. I- EFFECTS OF PROTON CORRELATIONS 
ON THE SCATTERING OF HIGH-ENERGY ELEC- 
TRONS FROM NUCLEI. L. I. Schiff. Il - THEO- 
RY OF HIGH-ENERGY POTENTIAL SCATTERING. 
D. S. Saxon and L. I. Schiff. II - ON THE VA- 
LIDITY OF LEVINSON'S THEOREM FOR NON 
LOCAL INTERACTIONS. A. Martin. Ecole Nor- 
male Supérieure, Lab. Phys. TR (AFEOARDC TN 
57-745 [AD 136732], 1958. 58 pp. 27 refs. I - De- 
velopment of a method to analyze proton correla- 
tions inside nuclei from high energy electron scat- 
tering on medium-heavy as well as heavy nuclei. 

Il - Presentation of a formula.for scattering at 
high energy (or short wavelengths) which is valid 
at all angles. Ill - Comparison of the number of 
eigenstates of a non local Hamiltonian to the num- 
ber of free eigenstates by the introduction of an 
artificial boundary condition on the one-dimension- 
al S wave function. 


NUCLEON - NUCLEON SCATTERING AT HIGH 
ENERGY. M. Gourdin. Ecole Normale Supérieu- 
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re, Lab. Phys. TN 7 (AFEOARDC TN 57-683) [AD 
136678], 1958. 33 pp. 30 refs. Explanation of the 
nucleon-nucleon scattering and polarization exper- 
iments using a completely covariant formulation 
for two body systems - the Bethe and Salpeter e- 
quation - in order to take into account relativistic 
corrections. The partial-waves method is gener- 
alized to a four-dimensional euclidean problem 
using an analytic continuation of the scattering am- 
plitude for the imaginary values of relative time or 
energy. It is shown that, in the simplified case of 
spinless particles (Klein-Gordon particles), the 
physical phase shifts corresponding to a givenvalue 
of the orbital angular momentum are easily obtain- 
ed. For the more realistic case of spin 1/2 parti- 
cles (Dirac particles) it is possible to calculate 
the differential cross section. Explicit solutions 
are obtained with an approximate method of reso- 
lution for the integral equations. 


POWER PLANTS 


SULLA POSSIBILITA DI FUNZIONAMENTO 

DI UN 'MOTORE AD ONDE" A TUBI RADIALI 
RUOTANTI. Dino Dini. L'Aerotecnica, Oct., 
1957, pp. 257-272. In Italian. Analysis of the 
_operational possibilities of a ''wave engine" oper- 
ating directly on the cavity of each single radial 
rotating tube of a multiple tube rotor. The working 
principle is based on the unsteady motion due to 
the pressure waves occurring on the fluid after 
each combustion, owing to the intermittent opening 
of the tube ends. The influence of the combustion 
pressure and of the fuel-air mixture ratio on the 
specific impulse is investigated using wave dia- 
grams and particular solutions of the differential 
equations of the approximate one-dimensional the- 
ory. The adjustment of the pulsating cycle fre- 
quency to some peripheral rotor velocities is also 
considered, 


Jet & Turbine 


PROPULSION SUPERSONIQUE PAR REAC- 
TEURS. Maurice Roy. France, ONERA NT 42, 
1957. 38 pp. 10 refs. In French. Investigation 
of the performance of supersonic jet propulsion 
systems using the surrounding air by means of an 
analysis of the governing fundamental formulas. 
The overall power plant characteristics and the op- 
eration of the combustion chamber, the air intakes, 
and the ejection nozzles are studied in detail. The 
operation of jet propulsion systems with or without 
afterburning and of the ram-jet are evaluated, as 
well as their association or combination. 


UBER DIE FLAMMENSTABILITAT AN BREN- 
NERN VON FLUGSTRAHLTRIEBWERKEN. Th. 
Seifferlein. Forschung Gebiete Ing., Ausg. A, 

No. 1, 1958, pp. 15-18. In German. Derivation of 
a general stability condition for the steady opera- 
tion of flames behind flame holders in a jet engine 
from aerodynamic, thermodynamic, and reaction- 
kinetic considerations, based on the relationship 
between the necessary ignition energy and the avail- 
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able part of the chemically bound energy in the fuel. 
This stability condition can also be interpreted in 
diagram form. 


ANALOGUE FOR HIGH-INTENSITY STEADY- 
FLOW COMBUSTION PHENOMENA. D. B. Spal- 
ding. (IME Gen. Meeting, London, Jan. ll, 1957.) 
IME Proc., No. 10, 1957, pp. 383-396; Discussion, 
pp. 396-402; Communications, pp. 403-407; Au- 
thor's Reply, pp. 408-412. 19 refs. Development 
of an air-flow model in which the chemical reaction 
is simulated by electric heaters distributed through 
the chamber. External controls regulate the heat 
input in accordance with local temperatures and 
the properties of the fuel which is to be simulated. 
Good agreement is found between predicted blow- 
out velocities of baffle-stabilized flames and ex- 
periments reported by other workers. Tests are 
also reported on two-dimensional combustion cham- 
ber designs for burning premixed fuel and air, the 
efficiency, space utilization, and pressure-drop 
performance being compared. It is shown by ex- 
ample that separate injection of fuel to the combus- 
tion chamber greatly reduces the blow-out velocity 
and space utilization, but increases combustion ef- 
ficiency and the range of fuel-air ratios over which 
a flame can be maintained. 


ANALYSIS OF STRESSES AND DEFLECTIONS 
IN A DISK SUBJECTED TO GYROSCOPIC FORCES, 
Appendix A, B - DERIVATION OF DIFFERENTIAL 
EQUATION FOR DEFLECTIONS OF VARIABLE- 
THICKNESS DISK SUBJECTED TO GYROSCOPIC 
LOADING. Appendix C - BOUNDARY -CONDITION 
EQUATIONS. Appendix D - FINITE-DIFFERENCE 
EQUATIONS. M. H. Hirschberg and A. Mendel- 
son, US, NACA TN 4218, Mar., 1958. 37 pp. 
Derivation of the differential equation governing 
the deflection by considering the gyroscopic and 
centrifugal forces acting on a disc of variable 
thickness, Such forces occur on jet-engine com- 
pressor and turbine discs whenever the aircraft 
changes direction either in the air or on the ground, 
A finite-difference solution of this differential e- 
quation is obtained for a constant-thickness disc 
rotating about its center at a constant angular ve- 
locity. Results are presented in dimensionless 
form suitable for design purposes, and the method 
for solving the problem of a disc of variable thick- 
ness with a temperature gradient is also described 


INVESTIGATIONS ON AN EXPERIMENTAL 
AIR COOLED TURBINE. Il - THE EFFECTS 
OF COOLING ON THE OVERALL TURBINE AER- 
ODYNAMIC PERFORMANCE AND INITIAL OP- 
ERATION AT AN INLET GAS TEMPERATURE 
OF 1,400°K. Appendix I, If - ROTOR BLADE 
PUMPING LOSSES. D. E. Fray and N. E. Wal- 
dren. Gt. Brit., NGTE Rep. R.219, Jan., 1958. 
28 pp. Study of changes in efficiency arising from 
the discharge of cooling air into the main gas © 
stream from the tips of the nozzle and rotor blades, 
and from the sheet metal liners in the turbine in- 
let section. Endurance tests are made at high 
temperatures.to examine the operating characteris- 
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tics and mechanical reliability of the turbine. It 
is concluded that a reduction in the nozzle blade 
tip clearance can increase the turbine efficiency 
by 5%. The discharge of cooling air into the main 
gas stream creates variations in the turbine stage 
aerodynamic efficiency. An increase in the tur- 
bine inlet gas temperature to 1,400°K. reduces 
the cooling effectiveness of the rotor blades by 
approximately 5% below that recorded at 1, 000°K. 
A 2% loss of efficiency with the design quantities 
of cooling air applied is recorded. 


COMPRESSOR-TURBINE MATCHING OF TWO- 
SPOOL TURBO-PROPS. A. W. Morley. Aero. 
Quart., Feb., 1958, pp. 17-33. Analysis consider 
ing the problem of the best division of pressure 
ratio between the two spools, using simplified ex- 
pressions for component characteristics. It is 
found that a unique position of a low-pressure com- 
pressor operating line is obtained when the high- 
pressure operating line is vertical. This arrange- 


‘ment requires a low pressure ratio on the high 


pressure spool and gives an engine whose power is 
sensitive to air intake temperature changes, so 
that the high pressure rotor tends to overspeed at 
sea level and surge at high altitude. 


A REVIEW OF THE PERFORMANCE OF EX- 
HAUST SYSTEMS FOR GAS-TURBINE AERO-EN- 
GINES. P. F. Ashwood. (IME Gen. Meeting, 
London, Nov. 2, 1956.) IME Proc., No. 3, 1957, 
pp. 129-144; Discussion, pp. 144-154; Author's Re- 
ply, pp. 155-158. 22 refs. Evaluation of the fac- 
tors influencing exhaust system design, including 
the effects of the type of engine installation andthe 
use of reheat. The influence of ducting losses on 
the thrust are then considered in terms of the ef- 
fect on the performance of a typical turbo-jet en- 
gine. Turbine exhaust diffuser analysis is concerned 
with the effects of the diffuser area ratio and wall 
shape, and with the effects of inlet swirl. This has 
been extended by an investigation of the influence 
of the bullet support struts on the performance of 
an engine. The results of tests on a series of 
convergent-divergent nozzes up to a pressure ratio 
of nine are given, and the effects of design pressure 
ratio and divergence angle are illustrated. A one- 
dimensional theoretical treatment is used to show 
the relationship between the nondimensional and 
specific thrusts and the applied pressure ratio. 
The test results are then analyzed in terms of these 
thrust parameters and their related coefficients. 


Rocket 


THE OPTIMIZATION OF NOZZLE AREA RATIO 
FOR ROCKETS OPERATING IN A VACUUM. M. 
Goldsmith. Jet Propulsion, Mar., 1958, pp. 170- 
172. Analysis to determine the correct choice of 
nozzle area for the case when the ambient pressure 
may be neglected. Under such conditions, specific 
impulse of the propellant increases monotonically 
with increasing area ratio, but the increased weight 
of larger nozzles degrades performance. A line- 
arized analytical approach to this problem is pre- 
sented along with design charts. 
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AN ANALYSIS OF FUEL-OXIDANT MIXING IN 
SCREAMING.COMBUSTORS. W. R. Mickelsen. 
Jet Propulsion, Mar., 1958, pp. 172-177. Study 
of vapor fuel-oxidant mixing for standing transverse 
acoustic fields simulating those found in screeching 
or screaming combustors. The additional mixing 
due to the acoustic field is shown to be a function 
of sound intensity, oscillation frequency, and 
stream velocity. The effects of these parameters 
are shown graphically for a realistic range of com- 
bustor conditions. The fuel oxidant ratio at various 
combustor stations is shown to have a cyclic fluc- 
tuation which is in phase with the pressure fluctua- 
tions. 


SPACE TRAVEL 


O METODE ISSLEDOVANIIA IONOSFERY S 
POMOSHCHIIU ISKUSSTVENNOGO SPUTNIKA 
ZEMLI. Ia. L. Al'pert. Uspekhi Fiz. Nauk, Jan., 
1958, pp. 3-14. In Russian. Evaluation of methods 
for the investigation of the ionosphere by means of 
the artificial earth satellite. Includes discussion 
of the satellite orbit and velocity, the effect of ion- 
ospheric turbulence and ionization on measured 
data, and analysis of the results of measurements 
and their accuracy. 


ESCAPE FROM A CIRCULAR ORBIT USING 
TANGENTIAL THRUST. D. J. Benney. Jet Pro- 
pulsion, Mar., 1958, pp. 167-169. Analysis con- 
sidering the space ship to be in a circular orbit 
when the motors are switched on, and the thrust 
is taken as tangential to the direction of motion at 
each instant. It is shown that a tangential thrust 
should be a close approximation to the optimal es- 
cape program. The mass ratio is calculated using 
the radius vector-length of path equation. The 
results are compared with those found by Tsien for 
the circumferential thrust. It is found that the tan- 
gential thrust program leads to a slightly smaller 
value for the mass ratio. 


STRUCTURES 


Bars & Rods 


EXPERIMENTAL STUDIES ON FATIGUE 
CRACK PROPAGATION IN TORSION. Jan Hult. 
KTH Trans. 119, 1958. 46 pp. 35 refs. Extension 
of a previous theory on fatigue crack initiation 
and growth in torsion to the case of crack growth 
from a rounded vee-shaped notch. Crack propaga- 
tion-on reversedly twisted aluminum bars is studied 
experimentally, and crack lengths are measured 
during tests with a special ultrasonic method. 
Results are in general agreement with the theoret- 
ical predictions as regards the initiation and incip- 
ient crack growth. A deceleration of the crack 
growth not predicted by the theory is found to fol- 
low the initial state, and possible reasons for this 
deceleration are discussed. Size effect and cumu- 
lative damage in fatigue are investigated in relation 
to the presented theory. 
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Beams & Columns 


TRANSIENT HEATING EFFECTS ON THE 
BENDING STRENGTH OF INTEGRAL ALUMINUM- 
ALLOY BOX BEAMS. R. A. Pride and J. B. 
Hall, Jr. US, NACA TN 4205, Mar., 1958. 38 
pp. ll refs. Determination of the interaction ef- 
fects of external loading and rapid nonuniform and 
uniform heating on both buckling and the compres- 
sive failure of box beams. Equations for buckling 
and maximum bending strength are derived,and 
the calculated results are compared with the ex- 
perimental data. ‘A marked reduction in buckling 
strength is observed as a result of thermal stress. 
At failure, the results of all tests correlate well 
with those calculated by a compression maximum- 
strength theory based only on appropriate material 
properties. This correlation indicates that ther- 
mal stress effects which influence local buckling 
apprear alleviated at maximum load. 


Cylinders & Shells 


STATIC STRENGTH TESTS ON B/2 "JINDIVIK" 
REAR FUSELAGES OF RIVETED AND ADHESIVE 
BONDED CONSTRUCTION. Appendix I - VERTI- 
CAL STIFFNESS OF RIVETED AND ADHESIVE 
BONDED FUSELAGES. Appendix II - TORSION- 
AL STIFFNESS OF RIVETED FUSELAGE. Ap- 
pendix II - TEST DETAILS--LOADING TO FAIL- 
URE OF ADHESIVE BONDED FUSELAGE. R. P. 
Brown, N. B. Joyce, I. S. Milligan, andC. A. 
Patching. Australia, ARL Note SM.238, Jan., 
1957. 42 pp. Experimental investigation which 
revealed in the riveted fuselage the necessity for 
an additional stiffening ring and the closing of the 
open section at the tailplane attachment. Both 
fuselages were loaded to failure for the lateral 
gust - 20° flap case. Failure occurred at 114% and 
137% of the design failing load for the riveted and 
adhesive bonded construction,respectively. The 
vertical bending and torsional stiffness were found 
to exceed the minima as specified in RAF-RN 
design requirements. 


THE ELASTICITY SOLUTION OF A LONG CIR- 
CULAR CYLINDRICAL SHELL SUBJECTED TO A 
“UNIFORM CIRCUMFERENTIAL RADIAL LINE 
LOAD. J. M. Klosner and F. V. Pohle. Polytech. 
Inst. Bklyn., Dept. Aero. Eng. & Appl. Mech., 
PIBAL Rep. 416, July, 1957. 50 pp. ll refs. Ap- 
plication of the three-dimensional equations of elas- 
ticity to solve the problem of a long circular cylin- 
drical shell, The elasticity solution is then com- 
pared with the Fltigge and Timoshenko shell theory 
solutions for the case b/a = 0.9, = 0.3. 


DISCONTINUOUS BOUNDARY CONDITIONS 
AND LINEAR SUPPORTS IN STATICAL PROB- 
LEMS OF CYLINDRICAL SHELLS. Zbigniew Ole- 
siak. Arch. Mech. Stosowanej, No. 5, 1957, pp. 
549-563. Theoretical investigation of a cylindri- 
cal radially loaded shell clamped at some segments, 
the remaining being simply supported. The prob- 
lem of a cylindrical shell with simple linear sup- 
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ports inside the region and simply supported or 
clamped by segments along the periphery is also 
discussed. Using the principle of superposition 
these problems are reduced to systems of Fred- 
holm's integral equations of the first kind. In ad- 
dition, a method for solving the problem of a shell 
with clamped or simply supported edges without 
the use of integral equations is proposed, based 
on the assumption that the clamping moment is a 
form of a Fourier trigonometric series. 


ASYMPTOTIC SOLUTIONS OF TOROIDAL 
SHELL PROBLEMS. R. A. Clark. Quart. Appl. 
Math., Apr., 1958, pp. 47-60. ll refs. OOR- 
ONR-sponsored analysis of a method of asymptotic 
integration, developed previously for a nonhomo- 
geneous differential equation involved in problems 
of thin elastic toroidal shells, showing how it can 
be refined and how the approximate solutions pre- 
viously obtained can be generalized and extended. 
It is shown that previous solutions are the leading 
terms of an asymptotic expansion in inverse powers 
of a large parameter. Higher-order terms or cor 
rections of two different types are obtained for 
toroidal shells of circular cross section and uni- 
form thickness. Some of the results are found by 
specializing solutions derived first for toroidal 
shells of arbitrary cross section and possibly 
varying thickness, assuming only that the shellhas 


a plane of symmetry perpendicular to the axis of 
revolution. 


Elasticity & Plasticity 


MODIFIED TRESCA'S YIELD CONDITION AND 
ASSOCIATED FLOW RULES FOR ANISOTROPIC 
MATERIALS AND APPLICATIONS. L. W. Hu. 
Franklin Inst. J., Mar., 1958, pp. 187-204. 15 
refs. OOR-sponsored analysis to illustrate the 
applicability of the modified Tresca's yield crite- 
rion and associated rules to problems having known 
solutions for isotropic cases. ‘The results obtained 
indicate that the anisotropy of a plastically deform- 
ed body may affect its stress distribution as well 
as its mode of deformation even though the param- 
eter of anisotropy may not appear in the flow rules. 
The effects of anisotropy on the plastic flow are 


dependent on the degree of anisotropy of the strain- 
ed body. 


Plates 


ON LIMIT ANALYSIS OF PLATES. Walter 
Schumann. Quart. Appl. Math., Apr., 1958, pp. 
61-71. 10 refs. Army-sponsored study of bending 
in thin perfectly plastic plates of arbitrary shape 
under transverse load. The basic equations have 
been developed for a plate of a material obeying 
Tresca's yield criterion. The different types of 
plastic regimes that can arise are discussed as 
well as the discontinuities that can arise in the 
moment field. The technique of limit analysis is 
applied to determine the limit load for aconcentrat 
ed force. The collapse load for such a force is 
found to be 27 times the yield. 
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EXPERIMENTAL INVESTIGATION OF CLAMP- 
ED CIRCULAR PLATES SUBJECTED TO RAPID 
CREEP. Burton Erickson, S. A. Patel, andN.J. 
Hoff. Polytech. Inst. Bklyn., Dept. Aero. Eng. 
& Appl. Mech., PIBAL Rep. 41l (AFOSR TN 58-51) 
[AD 148093], July, 1957. 10 pp. Experiments with 
21 clamped circular plates tested at elevated tem- 
peratures and constant uniform lateral pressure. 
The plates were 12 in. in diameter and madejof 
5052-0 aluminum alloy sheet; the sheet thickness 
of 0.032, 0.040, 0.051, and 0.064 was used. The 
lateral deflection of the center of the plate was 
measured in each test and the curves showing the 
change in deflection with time are presented. 


ON ELASTIC PLATES OF VARIABLE THICK- 
NESS. F. Essenburg and P. M. Naghdi. U. Mich. 
Eng. Res. Inst. TN 2500-1-T (AFOSR TN 57-618) 
[AD 136607], Oct., 1957. 13 pp. 12 refs. Deriva- 
tion of suitable stress-strain relations for elastic 
isotropic plates of variable thickness which include 
the effects of transverse shear deformation and 
normal stress, as well as the variation in thickness. 
The significance of the results is examined, using 
as examples the torsion of plates whose thickness 
tends to gives rise to equilateral triangular and 
elliptic cross sections. These examples show an 
exact agreement for the stress distribution with 
the corresponding results of Saint Venant's theory 
of torsion. 


ON THE BOUNDS OF THE CRITICAL LOAD OF 
ACLAMPED PLATE IN COMPRESSION. R. K. 
Kaul and S. G. Tewari. Aero. Soc. India J., Nov., 
1957, pp. 56-59. (Also in J. Appl. Mech., Mar., 
1958, pp. 52-56.) Application of Temple's gener- 
alization of Kato's theorem,for the determination 
of close lower bounds, to the fundamental frequen- 
cy of oscillation of a clamped square plate subject- 
ed to uniform biaxial edge tension. The method 
depends upon the solution of an auxiliary problem 
governing the residual mode shape; in the present 
case it is determined by the Ritz variational meth- 
od. It is shown that, by adopting even the simplest 
tentative mode shape, the principle leads to values 
much closer to accurate values than the upper bound 
derived by the use of Rayleigh's stationary princi- 
ple. 


Sandwich Structures 


BENDING AND BUCKLING OF SANDWICH 
BEAMS, PLATES AND SHELLS. Masatsugu Ku- 
ranishi and Hiroshi Nagao. Nihon U., Res. Inst. 
Tech. J., Sept., 1957, pp. 16-33. 13 refs. InJap- 
anese. Development of a bending theory for sand- 
wich beams, plates, and shells under the assump- 
tions that the faces are very thin and the cores 
take only shearing stress,while the thickness re- 
mains unchanged. The buckling loads are then 
computed for sandwich columns under axial com- 
pression, the sandwich plates under one-direction- 
al compression and shear, and the cylindrical sand- 
wich shells under axial compression and torsion. 
For practical applications, the buckling in the plas- 
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tic range is also considered and the weight-strength 
ratios are discussed. 


Testing 


PHOTO-THERMOELASTIC INVESTIGATION 
OF I-BEAMS. Herbert Tramposch and George 
Gerard. NYU Coll. Eng. Res. Div. TR SM 58-1 
(AFOSR TN 58-70) [AD 148113], Jan., 1958. 26 pp. 
Further investigation of the photo-thermoelastic 
technique by extension of methods developed for 
simple rectangular beams to more complex shapes 
representative of an airframe. Particular attention 
is given to transient thermal stresses in I-beams 
produced by a temperature differential suddenly 
applied at top and bottom surfaces of the beam. 
The test data are correlated with theory using the 
material properties of the model, previously ob- 
tained by calibration,and the measured temperature 
distribution over the cross section. Includes de- 
tailed description of the instrumentation developed 
for the rapid measurement of transient temperatures 
and a graphical representation of the maximum 
stresses in nondimensional form. 


Thermal Stress 


LA DETERMINATION NUMERIQUE DES TEM- 
PERATURES TRANSITOIRES DANS LES AILES. 
G. Lehr. Docaéro, Jan., 1958, pp. 3-14. In 
French. Numerical determination of transient 
temperatures in aircraft wings. Derivation of e- 
quations covering heat-conduction and accumula- 
tion laws; Newton law for the thermal transfer over 
a surface; and some special cases of heat transfer. 
Also derivation of equations by means of finite differ - 
ences of the thermal flux within the body; thermal 
transfer at the boundaries; the case of an atherma- 
nous surface; the case of heat transfer by convec- 
tion transverse to the main thermal flux; and step 
variations of the transverse section of the conduct- 
ing body. Numerical applications include: the 
case of a semiinfinite plate with an instantaneous 
temperature change at the surface; a finite-thick- 
ness plate with convective heat transfer to both 
surfaces through a medium of constant tempera- 
ture; and temperature distribution in the web of 
the wing spar and in the skin. 


Weight Analysis & Control 


NOTES ON THE PROBLEM OF THE OPTIMUM 
DESIGN OF STRUCTURES. W.S. Hemp. Coll. 
of Aeronautics, Cranfield, Note No. 73, Jan., 
1958. 8 pp. Derivation of differential equations 
and a variational principle for the case of plates 
loaded in their own planes. These form the basis 
for approximate solutions in the form of optimum 
distributions of plate thickness and the correspond- 
ing stress distributions which are required to e- 
quilibrate given systems of external loads. 


INITIAL AIRCRAFT WEIGHT PREDICTION. 
D. Howe. Coll. of Aeronautics, Cranfield, Note 
No. 77, Dec., 1957. 25 pp. 19 refs. Review of 


recent contributions to the problem of weight esti- 
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mation in order to comment upon their applicabili- 
ty, and,particularly,to suggest simple methods for 
use during the operations system investigation and 
initial project design stages. The work is not lim- 
ited to structures but also includes equipment and 
systems. 


Wings 


SOME METHODS FOR THE STRUCTURAL DE- 
SIGN OF WINGS FOR APPLICATION EITHER AT 
AMBIENT OR ELEVATED TEMPERATURES. 

J. W. Semonian and R. F. Crawford. (ASME 
Semi-Annual Meeting, San Francisco, June 9-13, 
1957.) ASME Trans., Feb., 1958, pp. 419-426. 

ll refs. USAF-supported study of the bending load 
of three box-beam types: multiweb beams, char- 
acterized by two covers which are connected by 
two spanwise internal members at discrete spaces; 
wide-column rib-supported configurations; and 
beams represented by two covers which are con- 
nected by a continuous internal medium. The ef- 
fect of aerodynamic heating is considered, but the 
thermal stresses resulting from differential ex- 
pansion of the box-beam components are neglected. 
A chart is presented showing the optimum efficien- 
cy curves for all three configurations treated. 


THE DESIGN OF A MULTI-CELL BOX IN 
PURE BENDING FOR MINIMUM WEIGHT. D. S. 
Houghton and A. S. L. Chan. Coll. of Aeronautics, 
Cranfield, Note No. 74, Nov., 1957. 28 pp. Der- 
ivation of two methods to determine optimum skin 
thickness,web thickness, and web pitch for use in 
a multi-cell box of given depth under a given bend 
ing load. Design graphs are presented in which 
the optimum geometry is plotted against the struc- 
tural index for a given material. 


THERMODYNAMICS 


Combustion 


INFLUENCE OF PRESSURE ON THE COMBUS- 
TION OF LIQUID SPHERES. G. A. Agoston, 
B. J. Wood, and Henry Wise. (ARS Semi-Annual 
Meeting, San Francisco, June 10-13, 1957.) Jet 
Propulsion, Mar., 1958, pp. 181-188. 13 refs. 
Experimental investigation made on the combustion 
of a series of liquid organic hydroxy compounds 
and several heavy hydrocarbons at atmospheric 
and subatmospheric pressures. These data,in ad- 
dition to flame distance measurements,were suc- 
cessfully correlated revealing quantitatively the 
influence of free convection. At subatmospheric 
pressures the change in burning rate is so modest 
that for practical purposes the burning rate of 
hexadecane drops less than 1, 000 » in diameter 
may be considered independent of pressure under 
free convection conditions. 


FLAME REACTION RATES. A. L. Berlad. 
Convair Sci. Res. Lab. RN 10, July, 1957. 30 pp. 
26 refs. Presentation of relations among the var- 
ious chemical reaction velocities implicit in the 
behavior of several combustion parameters. Re- 
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lations among these combustion parameters and 
their associated reaction velocities are examined 
and the utility of such combustion parameter meas- 
urements in calculating heat release rates of ex- 
tremely reactive systems is discussed. 


ON THE THERMODYNAMIC PROPERTIES OF 
PRODUCTS OF COMBUSTION OF HYDROCAR- 
BONS WITH AIR. Wu Chung-Hua. (Chinese J. 
Mech. Eng., No. 2, 1955, pp. 141-159.) Scientia 
Sinica, Oct., 1957, pp. 919-939. 16 refs. Analysis 
of the products of complete burning for any amount 
of hydrocarbon fuel with air up to a stoichiometric 
value. Results are presented in tabularform. E- 
quations are also presented to determine the percent- 
age of theoretical amount of fuel required for a given 
temperature of combustion products. Applications 
are made to steady flow combustion, afterburning 
in a turbojet engine, and isentropic expansion of 
combustion gases. 


STABILITY OF PROPANE-AIR FLAMES IN 
VORTEX FLOW. A. E. Potter, Jr., E. L. Wong, 
and A. L. Berlad. US, NACA TN 4210, Feb., 
1958. 27 pp. Measurement of the stability limits 
of propane-air vortex flames by means of avortex 
burner in which the vortex strength is varied at 
constant flow rate. The blowoff velocity is pro- 
portional to the 0.73 power of the vortex strength 
and increases slightly with fuel concentration. The 
flames are stabilized by a stagnation or near-stag- 
nation region induced by a pressure defect existing 
at the vortex center. When the vortex strength is 
made large, the pressure defect at the vortex cen 
ter draws ambient air into the flame, causing a 
partial quenching of flames. H2Q2,HCHO, higher 
aldehydes, CH30H, H2, and CO are found in the 
combustion products of lean flames in strong vor- 
tices. 


Heat Transfer 


HEAT TRANSFER IN LAMINAR PIPE FLOW 
WITH UNIFORM COOLANT INJECTION. S. W. 
Yuan and A. B. Finkelstein. Jet Propulsion, Mar., 
1958, pp. 178-181. ONR-sponsored analysis of the 
temperature distributions in a pipe for various 
fluid injection rates by solution of the energy equa- 
tion in which the velocity distribution terms are 
obtained from a previous analysis. The heat trans- 
fer results, expressed as a local Nusselt Number, 
are presented in terms of the Péclet Number, the 
dimensions of the pipe, and the coolant flow rate. 
The relation between wall temperature and the rate 
of coolant injection is also calculated. The results 
also show that the heat transfer coefficient at the 
wall decreases with an increase in the rate of cool- 
ant injection, whereas it was previously found that 
the friction coefficient at the wall increases with 
an increase of fluid injection. Thus,the usual anal- 
ogy between heat transfer and momentum transfer 
does not hold in porous wall cooling of pipe flow. 


HEAT TRANSFER FROM HORIZONTAL CYL- 
INDERS TO A TURBULENT AIR FLOW. B. G. 
van der Hegge Zijnen. Appl. Sci. Res., Sect. A, 
No. 2-3, 1958, pp. 205-223. 18 refs. Presenta- 
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tion of heat transfer measurements from wire and 
cylinders vibrating in air with both smooth and 
turbulent air flow of known intensity and scale of 


turbulence. The results show how the ratio be- 
tween the Nusselt Number in turbulent flow and 
the Nusselt Number in smooth flow varies as a 
function of the Reynold Number, the intensity of 
turbulence, and the ratio between the scale of tur- 
bulence and cylinder diameter. 


K TEORII TERMOGRAVITATSIONNOI KON- 
VEKTSII V USLOVIIAKH TURBULENTNOGO 
REZHIMA. L. E. Ber. AN SSSR Otd. Tekh. 
Nauk Izv., Nov., 1957, pp. 75-83. In Russian. 
Derivation of approximate equations for the super- 
position of a forced and a free turbulent heat con- 
vection. The turbulent viscosity and heat conduc- 
tivity are studied for the case of flow in a cylindri- 
cal duct using modified experimental data. A so- 
lution is also derived for the case of a circular 
vertical tube and the results are compared to those 
obtained experimentally. 


VTOL & STOL 


EFFECTIVENESS OF BOUNDARY-LAYER 
CONTROL, OBTAINED BY BLOWING OVER A 
PLAIN REAR FLAP IN COMBINATION WITH A 
FORWARD SLOTTED FLAP, IN DEFLECTING A 
SLIPSTREAM DOWNWARD FOR VERTICAL 
TAKE-OFF. K. P. Spreemann. US, NACA TN 
4200, Feb., 1958. 32 pp. Experimental investi- 
gation on a wing with a 67% chord slotted flap in 
combination with a 33% chord plain rear flap e- 
quipped with a full-span blowing nozzle, conducted 
in a static-thrust facility at the Langley Aeronau- 
tical Laboratory. Results show that the plain rear 
flap alone with a low momentum coefficient for 
boundary-layer control provides larger turning an- 
gles than the combined slotted and plain flaps with- 
out boundary-layer control. 


INFLUENCE DES EFFETS GYROSCOPIQUES 
D'UN TURBOREACTEUR SUR UN AVION DECOL- 
LANT A LA VERTICALE. G. Ernst and J. Jar- 
dinier. Docaéro, Jan., 1958, pp. 19-28. ll refs. 
In French. Investigation of the influence of gyro- 
scopic effects of a turbojet on a VTO aircraft. 
Includes: derivation of the equations of motion - 
system of coordinates, general equations, and a- 
erodynamic moments; study of the angular motion 
- solution of the system, study of particular cases 
(take off, low flight speed, high flight speed); com- 
pensation of gyroscopic effects - compensation 
principle (perfect and imperfect compensation); 
the influence of the compensation lag time - per- 
manent harmonic motion; study of the disturbing 
‘motion - undercompensation, overcompensation, 
and perfect compensation of gyroscopic effects 
with lag time; and comparison of the three com- 
pensation cases. 


WATER-BORNE AIRCRAFT 


ON THE MAIN SPRAY GENERATED BY 
PLANING SURFACES. Daniel Savitsky and J. P. 
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Breslin. IAS, SMF Fund Paper No. FF-18, Jan., 
1958. 46 pp. 13 refs. Members, $0.75; non- 
members, $1.25. Theoretical and experimental 
investigation to determine the origin and the de- 
pendence upon the basic planing parameters of the 
main spray associated with prismatic planing hulls. 
It is found that the main spray originates locally 

at the stagnation line intersection with the chine 
and that the water contained in a spray comes from 
a strip of undisturbed surface fluid lying ahead of 
and parallel to the chine. The maximum spray 
height is found to be proportional to the square of 
the planing velocity, it increases almost linearly 
with increasing trim angle, does not vary strongly 
with deadrise angle, achieves a maximum height 
at a deadrise angle of 10°, and is independent of 
aspect ratio in the chines-wetted planing condition. 
Small vertical strips are very effective in reducing 
spray heights, while horizontal chine flares are 
ineffective. 


COMPARISON OF HYDRODYNAMIC-IMPACT 
ACCELERATION AND RESPONSE FOR SYSTEMS 
WITH SINGLE AND WITH MULTIPLE ELASTIC 
MODES. R. W. Miller. US, NACA TN 4194, 
Feb., 1958. 30 pp. Experimental investigation 
using an elastic model consisting of a rigid pris- 
matic float and a flexible wing, and comparison of 
the results with similar test results for a single- 
mode system and with theoretical solutions. Tests 
are conducted in smooth water at fixed trims of 3° 
and 9° with flight-path angles of 14° and 6°, respec- 
tively, and over a range ofvelocities. It is shown 
that applied accelerations are in agreement with 
those obtained by the method of NACA Report 1074, 
and that the higher modes present in the multimode 
system have no significant effect on the applied ac- 
celerations. 


WIND TUNNELS & RESEARCH FACILITIES 


INTERFERENCE EFFECTS BETWEEN TOTAIL- 
PRESSURE PROBES IN THE BOUNDARY LAYER 
OF A SUPERSONIC WIND TUNNEL. J. R. Lacy. 
Texas U. DRL Rep. 420 (AFOSR TN 58-6) [AD 
148045], Jan., 1958. 38 pp. Test results indicat- 
ing the definite presence of mutual interference 
between total-pressure probes at a spacing be- 
tween probes of approximately 0.025 to 0.030 
inch. An approximate method of determining shock 
wave shape and location ahead of plane andaxially 
symmetric bodies is utilized to provide an indica- 
tion of minimum probe spacing to prevent mutual 
interference between probes of other sizes. 


WIND-TUNNEL WALL INTERFERENCE EF- 
FECTS ON OSCILLATING AEROFOILS IN SUB- 
SONIC FLOW. W. P. Jones. Gt. Brit., ARC 
R&M 2943, 1957. 21 pp. ll refs. BIS, New York, 
$1.35. Development of a theory for estimating the 
wall interference effects applicable only for a 
range of frequencies well below the frequency at 
which transverse vibrations of the air stream may 
be induced. The possibility of resonance occur- 
ring for certain combinations of tunnel height, fre- 
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quency of oscillation of airfoil, wind speed,and 
Mach Number pointed out by Runyan and Watkins, 
are confirmed. The method is applied tocalculate 
aerodynamic derivatives for an oscillating flat 
plate in a wind tunnel of height equal to 4.75 air- 
foil chord and a Mach Number of 0.7. Results are 
tabulated for comparison with the known theoretical 
free-stream values, and it is shown that the influ- 
ence of the walls is considerable even at frequen- 
cies of oscillation well below that of resonance. 
Pitching-moment damping for a range of Mach 
Numbers and low-frequency parameter values is 
estimated, and these values are in fairly good 
agreement with the measured values up to M= 0.8. 


THE DESIGN, INSTRUMENTATION AND OP- 
ERATION OF THE UTIA LOW DENSITY WIND 
TUNNEL. Appendix I - THE DESIGN OF A MACH 
2 AXIALLY SYMMETRIC NOZZLE FOR AN OP- 
ERATING PRESSURE OF 20 MICRONS Hg. Ap- 
pendix II - THE USE OF THERMOCOUPLE WIRES 
FOR MEASURING AIR STAGNATION TEMPER- 
ATURE IN A LOW SPEED RAREFIED GAS FLOW. 
Appendix II - NEW STUDIES OF OUTGASSING 
EFFECTS OF PRESSURE PROBES IN FREE MOL- 
ECULE FLOW. K. R. Enkenhus. UTIA Rep. 44, 
June, 1957. 164 pp. 204 refs. Discussion of a 
continuous open circuit tunnel with vacuum pump 
drive designed to operate at Mach Numbers up to 
5 over a range of pressures suitable for the 
study of rarefied gas flows. Booster-type oil dif- 
fusion pumps are used to provide a range of operat- 
ing pressures from 0.001 to 0.070 mm. Hg. The 
calibration is given of axisymmetric nozzles for 
Mach 4, Mach 2, and subsonic flow. These 
nozzles have solid walls and are operated at pres- 
ssures of 0.040, 0.020, and 0.008 mm. Hg, re- 
spectively. The flow in the supersonic nozzles is 
essentially a continuum flow at low Reynolds Num- 
ber with the boundary layer filling most of the jet, 
while in the subsonic nozzle the density is low 
enough to produce slip on the walls. 


ON SOME ASPECTS OF THE USE OF SHOCK 
TUBES IN AERODYNAMIC RESEARCH. B. D. 
Henshall. Gt. Brit., ARC R&M 3044, 1957. 103 
pp. 43 refs. BIS, New York, $5.40. Survey of 
existing shock tube theory and experimental re- 
sults, and formulation of the basic ideal shock 
tube theory, using performance charts affording 
a rapid method for the aerodynamic design of shock 
tubes with air as working fluid. It is shown that 
experimental results diverge from the theory be- 
cause of the presence of viscous effects. Another 
theory of shock tube flow is developed, using a 
new analytical approach, which includes the effects 
of boundary layer growth on the tube walls and ex- 
plains several features of the actual flow patterns 
which are at variance with ideal nonviscous theo- 
ry. This developed theory is restricted to weak 
shock waves and laminar and incompressible 
boundary layers. A shock tube installation is de- 
veloped and one application is illustrated, i.e., 
the study of unsteady flows. 
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A THEORETICAL ANALYSIS OF A NEW TYPE 
OF HEATER FOR AN INTERMITTENT HYPER- 
SONIC WIND TUNNEL. Antonio Ferri, P. A. 
Libby, and Victor Zakkay. USAF WADC TN.57- 
264 [AD 130911], July, 1957. 40 pp. Discussion of 
the need for high stagnation temperature and pres- 
sures for wind tunnels with test Mach Numbers of 
more than five and of the limitations of conventional 
heaters. A new type of heater is proposed, involv- 
ing the compression of air first heated bya con- 
ventional convection heater. This compression, 
being as close to adiabatic as possible, is perform- 
ed by a floating piston actuated by cold, high pres- 
sure air. The compression heater is analyzed 
under ideal conditions to establish the characteris- 
tics required for its uses with an intermittent hy- 
personic wind tunnel. Heat transfer from thecom- 
pressed high temperature air to the walls of the 
heater during tunnel operation is discussed. It is 
indicated how the use of a porous liner with cold 
air injection can sufficiently reduce this heat 
transfer so that the idealized heater characteris- 
tics can be practically realized. 


REAL GAS EFFECTS ON SHOCK-TUBE PER- 
FORMANCE AT HIGH SHOCK STRENGTHS. J. L. 
Stollery. Gt. Brit., RAE TN Aero. 2413, Nov., 
1957. 24 pp. 13 refs. Calculations to determine 
the flow conditions behind shock waves in argon- 
free air of shock Mach Numbers up to 35. Hydro- 
gen has been assumed as the driving gas. Test 
results indicate that real gas effects on pressure 
and velocity behind the shock are small, but have 
a noticeable effect on density, temperature, Mach 
Number, and, particularly, stagnation pressure. 
There is a marked increase in shock strength if 
the driver gas is heated. It is found that complete 
simulation of flight conditions in a shock tunnel is 
very difficult, basically because of the dissimilar 
compression and expansion cycles used to generate 
the flow, and a pressurized channel will usually 
be needed. Complete simulation of the flow near 
the stagnation point is however much simpler. 


WALL EFFECTS IN SHOCK TUBE FLOW. 
R. J. Emrich and D. B. Wheeler, Jr. Phys. Flu- 
ids, Jan.-Feb., 1958, pp. 14-23, 24 refs. ONR- 
supported measurements of the shock strength, 
average density across the tube, and pressure at 
the walls; and a comparison with explicit predic- 
tions by Trimpic-Cohen and Mirels-Braun. Under 
conditions wheré the theories should apply, they 
predict shock attenuation and values of the flow 
variables sufficiently well to justify as essentially 
correct the assumptions that the turbulent bound- 
ary layer produced by the shock is similar to the 
boundary layer observed in steady flows, and that 
waves generated by wall effects can be considered 
as one-dimensional. A need for some modifica- 
tions of the theories is indicated, however, by 
lack of quantitative agreement in certain cases. 
Considerable mixing of the hot and cold gases is 
observed. Neither theory attempts to explain the 
mixing, nor takes into account its effects on wave 
propagation. 
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HUSTLES AWAY HEAT 
FOR CONVAIR’S HUSTLER 


Harrison Hydraulic Oil Coolers 
Selected for America’s First 
Supersonic Bomber! Harrison’s on the Hustler 


... and temperature’s the target! Convair’s new B-58 bomber 
flies faster than sound at altitudes above 50,000 feet, and Harrison 
heat exchangers are on the job assuring dependable performance. 
You'll find lightweight, heavy-duty Harrison coolers on all types of the 
most modern aircraft. That’s because Harrison’s vast experience and 
research in the heat-control field assures complete dependability . . . peak 
temperature efficiency under the most severe operating conditions. So remember, 


if you have a cooling problem, look to Harrison for the answer. 


TE. 


_ THE PROGRESS OF THE PAST... 


THE PROMISE OF THE FUTURE 


HARRISON RADIATOR DIVISION « GENERAL MOTORS CORPORATION e LOCKPORT, N.Y. 
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Education & Training 


Retention of Rated Eli S. 
Flyer and Abraham Carp. PTRC DR 
TN 57-126 [AD 134258}, 33 pp 
Study to identify factors associated with career 
attitudes among AFROTC pilot training gradu- 
ates, and to devise methods to increase their re- 
tainability. Results indicate that career interest 
is highly related to attitudes toward flying, mili- 
tary life, and job opportunities in civilian life. 


I—The Red Education Challenge. 
Parry. II—Minuteman to Missileman. George 
T. Cahill, Jr. II—US-USSR Educational Sys- 
tems; A Comparison. William P. Lear. I 
Training Potentialities of Synthetic Missiles. 
J. Gordon Vaeth and John Huson. Missiles & 
Rockets, Dec., 1957, pp. 75-80, 119, 120. 


Albert 


I—The American System of Education and 


Traini of Mechanical Engineers. H. S 
Arms. —Education of Engineers in European 
Countries. S. J. Davies. IME Proc., No. 6, 


1957, pp. 215-230; Discussion, pp. 231-244. 


Electronics 


Dinamicheskie Kharakteristiki Serdechnik>v s 
Priamougol’noi Staticheskoi Petlei Gisterezisa 
(Vliianie Vikhrevykh Tokov). M. A. Rozenblat. 
Avtom. i Telemekh., Jan., 1958, pp. 75-84. In 
Russian. Study of the effect of eddy currents on 
the dynamic hysteresis loop, on the differential 
magnetic permeability, and on the dynamic 
coercive force of cores with rectangular static 
hysteresis loops. 

Printed be pg Design. B. J. Strasler. Mil. 
Electronics, Feb., 1958, pp. 16-20. Description of 
printed wiring techniques used for the design of 
electronic equipment or circuits; includes the 
advantages and disadvantages of such proce- 
dures. 

Foamed Plastics for Structural Functions in 
Electronic Equipment. Russell Thielman. Elec. 
Mfg., Jan., 1958, pp. 67-73. Application of 
foamed plastics to shield the equipment from 
severe environmental conditions. 

Research and Development on Magnetic 
Films. John T. Doherty. USAF WADC TR 


56-537 [AD 142077}, Oct., 1957. 55 pp. 


Growing year! 
design, produ 


= 55°C +80°C without | 


Twx GR-312 
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H.C.Allen Rate Gyros 


EL. Glendale 6-8541 
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Uber stabilisierte Netzgerate mit Transis- 
toren. Ernst Baldinger and Wolfgang Czaja. 
ZAMP, Jan. 25, 1958, pp. 1-25. 23 refs. Iq 
German. Discussion of stabilized voltage sup- 
plies employing transistors. 

Some Applications of the Isometric Circle 
Method to Impedance Transformations Through 
Lossless Two-Port Networks. E. Folke Bolinder, 
tg Polytechnica, No. 6 (232), 1957. 22 pp. 17 
refs 


Some Features of the Piezoelectric Effect of 
Barium Titanate as Measured Statistically, 
E. K. Dobrer and K. N. Karmen. Sov. Phys. 
Tech. Phys., Mar., 1957, pp. 455-458. Transla- 
tion. Investigation showing that upon applica. 
tion of a mechanical stress in a plane perpendicy. 
lar to the direction of the preliminary polariza 
tion, a linear variation arises only up to a certaig 
value of the mechanical stress. With an ip 
crease of the mechanical stress this linearity ng 
longer holds, a saturation of the piezoelectrig 
polarization sets in. 


Amplifiers 
New of D.C. Amplifier. Il—The Reflex. 
Monitor System. D. J. R. Martin. Electronic® 


Radio Engr., Feb., 1958, pp. 56-62. Applica 
tion of the cascade-balance principle to a direct. 
coupled amplifier of the type using overall drift. 
correction. It corrects alternately its own drift 
and the drift of the main amplifier. 


Nekotorye Optimal’nye Sootnosheniia y 
Ideal’nom Magnitnom Usilitele pri Upravlenij 
Signalom Peremennogo Toka. K. S. Volchkoy. 
Avtom. i Telemekh., Jan., 1958, pp. 85-94. Ig 
Russian. Analysis of the performance of an ideal 
saturating magnetic amplifier with an active 
load. Includes determination of the relation 
between the coefficient of frequency distortiog 
of the amplifier and its time constant. 


Magnetic Amplifiers with Half-Cycle Response, 

,» It. B. W. Glover. Elec. Energy, Jan.; Feb, 
1958, pp. 2-9; 58-64. 18 refs. Consideration 
of the basic Circuits having inherent half-cyele 
response, neglecting the effect of external feed. 
back arrangements. Includes diagrams as well 
as a classification of four-core duo-directional full 
wave circuits according to their circuit arrange. 
ment. 


Antennas 


Measuring Antenna Performance. Aerovog 
Res. Worker, Dec., 1957. 5 pp. Brief review of 
some measurement techniques. 


Antenna Pattern Range Speeds Counter. 
measures Work. Ben H. Ciscel and John Hill, 
Av. Age, Feb., 1958, pp. 102-105. Description 
of a radar range to help predict radiation pat- 
terns for ECM development. 


Bearing Memory Improves Direction Finder, 
Roy E. Anderson. Electronics, Jan. 31, 1958, 
pp. 44-48. Development of a Doppler direction- 
finder system in which the action of a rotating 
antenna is simulated by a 150-ft.-diameter cir 
cular array of 31 antennas. 


Effect of Antenna Height on Ultra-Short Wave 
Field Intensity in a Diffractive Region. I-— 
Case of Low Antennae. P. Szulkin. Acad, 
Pol. Sci. Bul., No. 5, 1957, pp. 301-306. 


Effect of Antenna Height on the Magnitude of 
the Ultra-Short Wave Field in a Diffractive Re- 
gion. II—Case of High Antennae. P. Szulkin. 
Acad. Pol. Sci. Bul., No. 6, 1957, pp. 351-356. 


Circuits & Components 


Cathode-Coupled Flop; A Reliable Desiga 
Procedure. T. G. Clark. Wireless World, Jan, 
1958, pp. 24-27. Analysis of circuit operation, 
including the principles underlying the design 
and calculation of pulse duration. 


Band-Pass Filter Design Technique. D.R.J, 
White. Electronics, Jan. 3, 1958, pp. 79-81 
Presentation of universal curves to provide de 
sign information for Butterworth and Tcheby- 
cheff stagger-tuned networks for band-pass 
amplifiers. 


High Frequency Parameters of Transistors and 
Valves. J. Zawels. Elec. Eng., Jan., 1958, pp. 
15-17. Development of high-frequency equiva 
lent circuits in the common-cathode, common 
grid, and common-anode configurations. Ap- 
proximations which may be made as a result of 
differing impedance levels are indicated. 


Releinye Iavieniia v Kol’tsevykh Skhemakh, 
Soderzhashchikh Magnitnye Serdechniki 
Priamougol’noi Petlei Gisterezisa. V. A. Sho 
zhikashvili and K. G. Mitiushkin. Avtom.1 
Telemekh., Jan., 1958, pp. 64-74. In Russian 
Description of relay phenomena in circuits in- 
cluding magnetic cores with rectangular hystere- 
sis loops. 


Electronic Switch Doubles as Cathode Fol- 
lower. R. Benjamin. Electronics, Jan. 17, 19 
pp. 81-83. 


Communications 


On the Power Gained by Clipping Speech ia 
Weiant Wathen-Dunn and 


the Audio Band. 


oe FIFTEEN YEAR SYRO EXPERIENCE 
ia Furnish us specifications and er the rate gyro to meet 
~ your specific requirements. \ it, and fur nish prototyp 
Exacting quality control ce es erior perfor 
ance. Fast, complete custo is a recognized | 
5. Pick. ‘siqnal-tc 5 
ia AIRCRAFT INS TRUM IT DIVISION 
Cc. ALLE CHINES. INC. 
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AiResearch units power the controls of 
America’s most potent defense weapons 


iowa Key defense and population centers are now 


ail : being ringed with batteries of Army Nike 
T= 


Hercules missiles to deter or destroy aggressors. 
‘iption 


Supplying power for flight controls is the 
AiResearch auxiliary power unit pictured above, 
1938 now in production. 


‘inder, 


ction As a member of the Army-industry team pro- 
tating 


er ducing the Nike Hercules (Army Ordnance, 

Western Electric-Bell Telephone Laboratories 

and Douglas Aircraft), AiResearch was chosen 

to design, develop and manufacture this vital 

accessory power source for the missile because 

of nearly two decades of experience in light- 
weight turbomachinery. 

This experience includes applications utiliz- 
ing solid propellants, liquid mono-propellants, 
bi-propellants, atomic power, cryogenic gases as 
well as gasoline and air. AiResearch’s ability for 
high capacity production as well as in research 
and development, made it the logical choice. 

Garrett’s AiResearch divisions have also 

_ designed systems and components for 18 other 
missiles and rockets in the U.S. defense arsenal. 

We invite your inquiries. 


ENGINEERING REPRESENTATIVES: AIRSUPPLY AND AERO ENGINEERING, OFFICES IN MAJOR CITIES 


AiResearch Manufacturing Divisions 


Los Angeles 45, California « Phoenix, Arizona 


Systems, Packages and Components for: AIRCRAFT, MISSILE, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 
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U.S. PATENT 2,419,018 


AMPHENOL ELECTRONICS CORPORATION 
; chicago 50, illinois 


i/o W. Lipke. ASA J., Jan., 1958, pp. 36- 


Detection of Weak Wide Band Signals. Ap- 
pendix I—Subtraction Type Radiometers. Ap- 
II—Output of the Low Pass Filter for 

inite Observation Times. Appendix III— 
Crosscorrelator Analysis. Janis Galejs, Allen 
D. Reich, and Harold R. Raemer. Cook Tech, 
Rev., Dec., 1957. 17 pp. Study to compile and 
compare signal-to-noise improvement figures and 
to detect thresholds of the detection schemes for 
wide finite-duration band signals. 

Tropo-Scatter System Design Charts. L. P. 
Yeh. Electronics, Jan. 17, 1958, pp. 91-93. 
Presentation of design charts to estimate system 
parameters for any frequency-division multi- 
plex tropospheric scatter system, either FM or 
single-side-band AM. 


Electronic Tubes 


Development of a Stable i» Sensitivi 

Phototube. D. Bly. USA 
ADC TR 57-179 {AD 133076), Oct., 1957. 30 

Rezul’taty Nelineinoi Teorii Avto- 
Polem. . N. Rapoport. AN SR Dokl, 
Nov. 21, tos7 pp. 411-414. In ee Pres. 
entation of some results of the nonlinear theory 
of the O-type backward-wave tubes. 


Electrostatically Focused Laminar Flow Elec- 
tron Beams. William M. Mueller. USAF 
WADC TR 57-148 [AD 131060], Aug., 1957, 
67 pp. 30 refs. Development of a procedure for 
the analytical determination of electrode shapes 
necessary to produce a given beam. The method 
is based on the assumption of laminar flow. 


Some Special Magnetrons. Wireless World, 
Jan., 1958, pp. 17-22. 13 refs. Description of 
magnetrons, including their structure and per- 
formance. 


Measurement & Testing 


The Measurement of Power Spectra from the 
—_ of View of Communications Engineering. I. 

B. Blackman and J. W. Tukey. Bell System 
eck. J., Jan., 1958, pp. 185-282. 58 refs. 


The Type P-582 Capacitance Bridge; an In- 
strument Designed to Calibrate Capacitive Fuel- 
Gage Testers. Henry P. Hall. Gen. Radio 
Exp., Feb., 1958, pp. 3-5 

Use of a D. C. Amplifier and Recorder to Bal- 
x. Won A. 
Kriege U.S., NBS 5683 ‘TN 
57- 737). {AD 136713), Oct., 1957. 24 pp. Dis. 
cussion of the device and description of the bridge, 
including its operation. 


Noise & Interference 


Signal to Noise Ratio and Distortions of Band 
Limited Signals. R. Kulikowski. Acad. Pol. 
Sci. Bul., No. 6, 1957, pp. 341-347. Analysis ofa 
wide class of dynamic systems and of some classes 
of signals with a limited band of frequencies, 
showing that the noise ratio and signal distor- 
tion coefficients are contained in constant limits. 
These depend on the system parameters and 
frequency. 

Fluctuations of Random Noise Power. D. 
Slepian. Bell System Tech. J., Jan., 1958, pp. 
163-184. 14 refs. ONR-supported considera- 
tion of the probability distribution of the power 
for a sample of Gaussian noise of time duration T. 

Monitor Displays Radar Noise Figures. Leo 
Young. Electronics, Jan. 31, 1958, pp. 49-851. 
General characteristics and performance of a 
simple compact circuit for measuring radar noise, 
based upon existing monitoring equipment. 


Oscillators & Signal Generators 


Transistor Oscillator Supplies Stable Signal. 
“_ H. Dulberger. Electronics, Jan. 31, 1958, 

43. Description of a transistorized oscillator 
which produces a frequency-modulated signal 
output, directly proportional to an applied force. 
Possible applications, other than in-flight test- 
ing, are also discussed. 


Radar 
A Continuously Recording Automatic Auroral 
Radar. A. G. McNamara. Can. J. Phys. 


Jan., 1958, pp. 1-8. Description of the device 
featuring high sensitivity with good reliability; 
includes performance, calibration, and monitor- 
ing. 

Radar Presentation Restitutor. Robert P. 
Macchia. Photogrammetric Eng., Dec., 1957, 
pp. 880-886. Description of the radar presenta- 
tion restitutor, an instrument designed to cor- 
rect positions on a 360° scan radar scope photo- 
graph to the equivalent ground position. 

An Electronic Target Simulator for Use with 
Operational Radar Surveillance EZ George 
A. Harter and Peter Gain. USAF WADC TR 
57-277 [AD 118261], May, 1957. 33 pp. De 
scription of the device and proposal of three de- 
signs for electronic target-simulation systems. 
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RADC Evaluation of Airport Surface Detec- 
tion Equipment, Radar Set AN/FPN-31l. Frank 
T. Benvenga. JSAF RADC TR 57-136 [AD 
131224], Dec., 1957. 21 pp. 


Semiconductors 


An Investigation of the Dielectric Permit- 
tivity of Semiconductors. Z. I. Kir’iashkina, 
F. M. Popov, D. N. Bilenko, and V. I. Kir’iash- 
kin. Sov. Phys.-Tech. Phys., Jan., 1957, pp. 69- 
73. 16 refs. Translation. Test results for ZnS, 
CdS, ZnTe, HgS, and HgSe. 

Electrical Properties of Some Compound Ox- 
ide Semiconductors. B. T. Kolomiets, I. T. 
Sheftel’, and E. V. Kurlina. Sov. Phys.-Tech. 
Phys., Jan., 1957, pp. 40-58. 12 refs. Transla- 
tion. Presentation of properties for copper 
oxide-manganese materials and cobalt-manganese 
materials. 

Magnetic Susceptibility of Mott Excitons in 
Semiconductors. L. L. Korenblit. Sov. Phys.- 
Tech. Phys., Mar., 1957, pp. 434-443. Trans- 
lation. Derivation of a Hamiltonian for polar 
excitation of a crystal (polarons and holes), 
and consideration of the problem of magnetic 
susceptibility of Mott excitons within the frame- 
work of the polar model of a crystal. 


Triodes. E. I. Adirovich and V. G. Kolotilova. 
Sov. Phys.-Tech. Phys., Mar., 1957, pp. 424- 
428. Translation. 

The Influence of Electric Fields on the Proper- 
ties of Thin Dielectric and Semiconducting 
Films. Iu. M. Volokobinskii. Sov. Phys.-Dokl., 
Mar.-Apr., 1957, pp. 173, 174. Translation. 

O Podvizhnosti Elektronov i Dyrok v Zhidkom 
Poluprovodnike. I. Z. Fisher. AN SSSR Dokl., 
Nov. 21, 1957, pp. 399-402. In Russian. Study 
of the problem of electron and hole mobility in a 
liquid semiconductor. 


Raschet Elektroprovodnosti Poluprovodnika s 
Vysokoi Kontsentratsiei Primesi. R. Zigenlaub. 
AN SSSR Dokl., Nov. 21, 1957, pp. 395-398. 
In Russian. Calculation of the electrical con- 
ductivity of a semiconductor with high impurity 
concentration. 


Some Measurements on Commercial Transist- 
ors and Their Relation to Theory. F. J. Hyde. 
(IEE Paper 2438 R.) IEE Proc., Pt. B, Jan., 
1958, pp. 45-52. Theoretical information at- 
tempting to show how closely an analysis of meas- 
urements of current gain can be made on the 
basis of the one-dimensional model. Particular 
reference is made to the lifetime and diffusion 
constant of minority carriers in the base. 


Matching Transistor-Diodes. Arthur Gill. 
Electronics, Jan. 17, 1958, p. 75. Description of a 
technique employing emitter diodes of transistors. 
Matching is accomplished by varying a resistor 
connected between the collector and base of the 
transistor. 


Point-Contact Triodes of Germanium with 
Small Lifetime of the Injected Current Carriers. 
A. N. Kvasnitskaia, E. B. Mertens, E. G. Mise- 
liuk, and A. I. Skopenko. Sov. Phys.-Tech. Phys., 
Mar., 1957, pp. 393-396. Translation. Develop- 
ment of germanium point-contact triodes suit- 
able for use in fast-acting pulsed circuits. 


Telemetry 


Les Télémesures Frangaises. J. Idrac. 
(NATO AGARD 8th Flight Test Panel, Rome, 
Feb. 20-25, 1956.) NATO AGARD Rep. 33, 
Feb., 1956. 18 pp. In French. Review of 
French telemetering equipment including four 
main types: ONERA, SFENA, Turck, and 
DEFA. A discussion of their use in aircraft 
flight tests as compared to the equipment used 
previously is given. 

Sistema Teleizmereniia s Impul’sno-Kodovoi 
Moduliatsiei. G. V. Burdenkov. Avtom. i 
Telemekh., Jan.,-1958, pp. 55-63. In Russian. 
Evaluation of high-speed telemetering systems 
with pulse-code modulation. The possibility of 
constructing telemetering systems based on 
magnetic elements with a rectangular hysteresis 
pe with crystal triodes and diodes is 
analized. 


I—A Theoretical Study of Errors in Radio 
Interferometer Type Measurements Attributable 
to Inhomogeneities of the Medium. Gustavus J. 
Ii—Telemetering Receiving System 
at the Air Force Missile Test Center. H. A. 
Roloff. III—Problems in Aircraft Telemetering. 
E. F. Shanahan. IV—Telemetry Standards for 
Guided Missiles. JRE Trans., TRC Ser., Dec., 
1957, pp. 2-22. 


., Transistorized Memory Monitors Earth Satel- 
lite. _C. S. Warren, W. G. Rumble, and W. A. 
Helbig. _ Electronics, Jan. 17, 1958, pp. 66-70. 
] ption of a memory unit which operates on 
input information according to a predetermined 
numerical transformation and presents it in 
modified form as an output. 


Wave Propagation 


On the Theory of Propagation of Electro- 
magnetic Waves Along a Curved Surface. James 
R. Wait. Can. J. Phys., Jan., 1958, pp.9-17. 16 


ELIMINATE MULTI-SPEED SERVOS 


AND COMPLEX ELECTRONIC DEVICES 


NEW ULTRA-PRECISE SIZE 25 SYNCHROS 


Extremely precise data transmission is possible through the use 
of Kearfott’s Size 25 synchro resolvers. The inherent precision 
of these units provides a three sigma accuracy of approximately 
35 seconds in a typical 3 unit string without the use of auxiliary 
equipment. Ruggedly constructed of corrosion resistant mate- 
rials, they possess the required reliability for all missile applica- 
tions. Available as transmitters, differentials and control trans- 
formers with a maximum error from E.Z. of 20 seconds arc. 


SIZE 11 SYNCHROS 


Size 11-2 phase 4 wire synchro resolvers for i 
data transmission combine the advantages of 
small size with high accuracy. Corrosion re- 
sistant materials are used in the construction 
of these units. Available as 60X transmitters, 
differentials and control transformers with a 
maximum error from electrical zero of 3 min- 
utes arc. Standard 3 wire synchros are avail- 
able from production with 5, 7 and 10 minute 
maximum érror from E.Z. 


Challenging at Kearfott in advanced 
component system developments. 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 


Sales and Engineering Offices: 1378 Main Avenue, Clifton, New Jersey 
Midwest Office: 23 W. Calendar Ave., La Grange, Illinois — 
South Central Office: 6211 Denton Drive, Dallas, Texas 
West Coast Office: 253 N. Vinedo Avenue, Pasadena, California 
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Nike Hercules missile blocks sneak attacks 


On guard at the outskirts of all major American cities 
and industrial centers, missiles of the Douglas Nike 
family are designed to intercept and destroy attacking 
aircraft — despite the most vigorous evasive action. 
Nike-Ajax was the Army’s first supersonic anti- 
aircraft missile. The basic design readily lends itself to 
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new developments as anti-aircraft requirements change. 

Nike-Ajax batteries are now being integrated witha 
newer Nike — the Hercules, developed through the joint 
cooperation of Douglas, Western Electric and Bell Tele- 
phone Laboratories. It has twice the range and speed of 
its predecessor. Armed with an atomic warhead, Nike 
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*Defensive systems—The deeper our 
circle of air defenses, the greater our chances 
of stopping all enemy attacks. This means 
fast, far-ranging interceptor aircraft backed 
up by highly accurate anti-aircraft missiles, 
such as the Douglas Nikes. 


Practice firing at White Sands Proving Ground of 
the oor new medium-range Nike-Hercules interceptor 
missile 


Hercules can blast entire attacking fleets of aircraft with 
a single shot—without damage to surrounding terrain. 

Designed primarily for the inner line of our overall air 
defenses, Douglas Nike missiles are radar guided from 
ground installations. Within seconds of the first alert, 
they can be off towards their target— with deadly aim. 
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refs. Derivation of an expression for the mutual 
impedance Z between two short vertical antennas 
on either side of the separation boundary. 

K Voprosu o Fluktuatsiiakh Parametrov Neko- 
torykh Lineinykh Sistem. V.I. Bespalov. A\ 
SSSR Dokl., Nov. 11, 1957, pp. 209-212. In 
Russian. Derivation of a general solution for the 
problem of parameter fluctuations in some linear 
systems, and development of a simple method 
for the calculation of correlation functions and 
moments. 


Equipment 


Electric 


Aircraft Electrical Systems. I, II. Flight, 
Jan. 24; 31, 1958, pp. 116-118; 152, 153. Con- 
sideration of the systems of some British aircraft 
in service, and a critical appraisal as well as 
summary of opinions on those systems. 


Future Aircraft Electrical Systems Predicted. 
Karl Martinez. SAE J., Jan., 1958, pp. 68-70. 
Survey of six possible generator drives for future 
aircraft. 


High-Frequency Alternators. de Havilland 
Gazette, Dec., 1957, pp. 266-268. Description 
of de Havilland-built hydraulic drive alternator. 

AC Generators for Missiles and APU’s. II. 
Paul Winter Franklin. Av. Age, Feb., 1958, 
pp. 64-69. Application of self-excitation to a.c. 
machinery. 

How to Specify Parallel Operation of Unregu- 
lated Transformer-Rectifiers. J. Topper. 
Av. Age, Feb., 1958, pp. 54-59. 

Bibliography of Subjects Relating to the Zinc- 
Silver Oxide Cell. M. E. Bedwell. Gi. Brit., 
RAE Rep. Chem.511, June, 1957. 50 pp. 122 
refs. 


Study of Miniature Engine-Generator Sets. 
1lI—Design of Small High-Speed DC 
ary tors. Kw Y. Tang and Otto Laster. 
USAF WaDe TR. 53-180, Pt. III [AD 130938), 
Mar., 1956. 41 pp. Investigation of a procedure 
useful in the design and development of 120-volt, 
d.c. flat-compounded generators of ratings from 
35 to 400 watts. 


Hydraulic & Pneumatic 


Motorized Actuators in eT Systems. 
Jule Hulman. Elec. Mfg., 1958, pp. 74-77. 
Discussion of the design ileemaien for an electric 
motor-driven actuator used to control hydraulic 
valves. 

Flapper Valve Design Counters Hydraulic 
Servo Failures. K. G. Hart. Av. Age, Feb., 
1958, pp. 60-63. 

Solving a Hydraulic Problem When Pistons 
Need Brakes. Louis Dodge. Prod. Eng., Feb. 
3, 1958, pp. 56-60. Description of braking and 
reversing methods for allowing a variety of dis- 
placement-time responses. 

High-Temperature Hydraulic Swivel Joints. 
Harold E. Cleary. USAF WADC TR 56-47 
[AD 142032], Nov., 1957. 10 pp. Operational 
tests on two joint configurations under tempera- 
ture conditions ranging from —65°F. to +400°F. 
and hydraulic pressures from 10 psi to 3,000 psi. 

Amortyzatory Cieczowo-Gazowe w Swietle 
Zjawisk Fizycznych. Aleksander Baliriski. 
Tech. Lotnicza, Nov.-Dec., 1957, pp. 169-175. 
In Polish. Analysis of physical phenomena in 
fluid-gas shock-absorbers. 


Flight Operating Problems 


Some Notes on Ground Effect. Murray Marks. 
Air Line Pilot, Jan., 1958, pp. 8, 9, Defini- 
tion of the ground effect phenomenon and of its 
influence on aircraft performance. 


The Influence of Drag Characteristics on the 
Choice of Landing Approach Speeds. D. Lean 
and R. Eaton. (Gt. Brit., RAE TN Aero. 2503, 
Apr., 1957.) NATO AGARD Rep. 122, May, 
1957. 24 pp. 


I—Polety na Tu-104 v Zimnikh Usloviiakh. 
V. Filonov. II—Osobennosti Zapuska Dviga- 
telei Tu-104 Zimoi. V. Lebedev. Grazhdanskaia 
Aviatsiia, Dec., 1957, pp. 15-18. In Russian. 
I—Discussion of the operation of the Tu-104 
jet aircraft under winter conditions. II—Char- 
acteristics of the Tu-104 power-plant starting 
operation under winter conditions. 


Flight Testing 


A _ Technique for the Measurement of 
Thrust Boundaries and of Dr due to Lift. 
H. D. Rylands. (NATO AGARD 10th Hes 
Test Panel, London, May 20-24, 1957.) NAT 
AGARD Rep. 123, May, 1957. i4 pp. Mt Saha 
ment of a new technique requiring a relatively 
small amount of flying time and involving no 
major assumptions. Application to preliminary 
flight trials on a subsonic aircraft proved very 
satisfactory. 


Flight Techniques for Determining Airplane 
Drag at High Mach Numbers. Appendix I— 
Derivation of Drag Equations. Appendix II— 
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Derivation of Thrust Equations. 
Donald R. 


De E. Beeler, 
ellman, and Edwin J. Saltzman. 
(NATO AGARD 9th Flight Test Panel, Brussels, 


Aug. 27-31, 1956.) NATO AGARD Rep. 84, 
Aug., 1956. 32 pp. 23 refs. Description of the 
accelerometer method used to compute total 
drag on high-speed aircraft. The method re- 
quires accurate measurement of longitudinal and 
normal accelerations, angle of attack, and en- 
gine thrust. In addition, the static pressure, 
air speed, airplane weight, and longitudinal 
control positions must be measured. 


Some Unique Aspects of Flight Test Instru- 
mentation for Vertical Take-Off Aircraft. es 
Hinz and R. A. Fuhrman. (NATO AGARD 9th 
Flight Test Panel, Brussels, Aug. 27-31, 1956.) 
NATO AGARD Rep. 85, Aug., 1956. 24 pp. 
Discussion of instruments for measuring atti- 
rd and velocity in hovering and transition 
ight. 


The Function of “~ Tape in Flight Test 
Data Recording and Processing Systems. Ar- 
thur T. Snyder. (NATO AGARD 9th Flight 
Test Panel, Brussels, Aug. 27-31, 1956.) NATO 
AGARD Rep. 83, Aug., 1956. 12 pp. 


Measurement of the Attempt on the World 
Altitude Record for Aeroplanes at Luton on 28th 
August, 1957. Appendix—Estimation of Bias 
and Error. N. E. G. Hill and W. Goldsmith. 
Gt. Brit., RAE Rep. Insin. 10, Sept., 1957. 21 
pp. 


Radioactive Recovery Technique for Missiles 
and Aircraft. Frank Pollard. Spaceflight, Jan., 
1958, pp. 220, 221. Description of the technique 
insuring the recovery of test vehicles after ex- 
perimental flights. 


Los Emisores Potenciometricos en las Pruebas 
en Vuelo. J. M. Marti. Ing. Aero., Nov.-Dec., 
1957, pp. 13-20. In Spanish. Description of a 
recording system for flight measurements. 


Fuels & Lubricants 


Combustion Efficiency Performance of a MIL- 
F-5624 Type Fuel and Monomethylnaphthalene 
in a — Vaporiz ng-Type Combustor. An- 
thony W. Jones and William P. Cook. U.S., 
NACA RM E51K30, Feb. 14, 1952. 26 pp 
Presentation of results showing that the MIL- F- 
5624 (JP-3) type fuel burns over a wider range of 
operating conditions and gives combustion ef- 
ficiencies 2 to 16 per cent higher than mono- 
methylnaphthalene. The heat-input rate is 
found to have little effect on the combustion ef- 
ficiency of each fuel. 


Performance of an Experimental Annular 
Turbojet Combustor with a and Propane. 
Carl T. Norgren. U.S., NACA RM E56J22, 
Jan. 16, 1957. 27 pp. ean of results 
showing that at the most severe conditions in- 
vestigated propane operated with a higher ef- 
ficiency and over a wider range of fuel-air ratio 
than methane. 


Survey of Hydrogen Combustion Properties. 
Isadore L. Drell and Frank E. Belles. U.S., 
NACA RM E57D24, July 26, 1957. 86 pp. 76 
refs. Presentation of data on flame temperature, 
burning velocity, quenching distance, inflam- 
mability composition limits, minimum spark 
ignition energy, flashback and blowoff limits, 
detonation properties, explosive limits, spon- 
taneous ignition, and the chemistry of hydrogen 
oxidation. 

A Method for the Analysis of Compounds Con- 
taining Boron, Carbon, and Hydrogen. Harrison 
Allen, Jr., and Stanley Tannenbaum. dis 
NACA RM E54L15, Mar. 3, 1955. 9 pp. 
Development of an analytical method from a 
quantitative analysis of an organoboron com- 
pound during its oxidation in a steel bomb at 
high temperature and pressure. 

On the Boundary Conditions and Oil Flow in 
Complete Journal Bearings. N. Tipei and Al. 
Nica. Rev, Méc. Appl., No. 1, 1957, pp. 101- 
114. 

High Speed Effects in Pneumodynamic Jour- 
nal Bearing Lubrication. J. F. Osterle and 
W.F. Hughes. Appl. Sci. Res., Sect. A, No. 2-3, 
1958, pp. 89-99. Analysis of the steady-state 
operation of gas-lubricated journal bearings for 
the effect of lubricant inertia on the pressure 
developed in the lubricant. Numerical results 
are given for a 180° partial journal bearing. 


The Lubrication of Rollers. A. W. Crook. 
Royal Soc. (London), Philos. Trans., Ser. A, 
Jan. 23, 1958, pp. 387-409. 17 refs. 


Russian Research on Lubrication and Wear. 
Douglas Godfrey. Lubrication Eng., Jan., 1958, 
pp. 27-31. 11 refs. Survey of Soviet organiza- 
tions engaged in lubrication research and their 
scientific publications, as well as translation 
services in the USA. Some selected research 
topics are also discussed. 

Fundamentals of Wear. Lubrication, Dec., 
1956. 12 pp. 50 refs. Review of the basic 
knowledge in the field of friction and wear, and 
indication of how it may be applied to under- 
stand lubrication problems, particularly of metal 
surfaces and wear. 

Application of Dry-Film Lubricants in Plain 
Bearings. eiseman. Mach. Des., Feb. 
6, 1958, pp. 107-110. Discussion of new specifi- 
cations and performance tests indicating greatly 
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increased possibilities for more extensive use of 
lubricants. 


Phillips Petroleum Shoots for Reliability and 
Low Cost Propellant Production. Irwin Stamb. 
ler. Av. Age, Feb., 1958, pp. 112-116. 


Mechanism and Kinetics of the Reaction Be. 
tween Fuming Nitric Acid and/or its Decom. 
Position Products and Gaseous Hydrocarbons, 
Appendix—Pressure and Composition Correc. 
tions Necessitated by the Presence of N.Q, 
at Room Temperature. Francis R. Taylor, Bar. 
bara G. Faunce, Nancy K. Asawa, and Albert L. 
Myerson. USAF WADC TR 57-138 [AD 
118105), June, 1957. 54 pp. 15 refs. 


Ice Formation & Prevention 


Ice Crystals—A New Icing Hazard. O. R. 
Ballard and B. Quan. (CAI Annual Meeting, 
Ottawa, May 27, 28, 1957, Preprint 7/11.) Can, 
Aero. J., Jan., 1958, pp. 11-17. 


Instruments 


Experiments Using a Simple Thermal Compara- 
tor for Measurement of Thermal Conductivity, 
Surface Roughness and Thickness of Foils or of 
Surface Deposits. R.W. Powell. J. Sci. Instr. 
Dec., 1957, pp. 485-492. Description of the de. 
vice including some early tests, measurements 
under constant loads, and steps to increase their 
speed, as well as some possible applications. 


An Apparatus for the Determination of Dynamic 
Elastic Moduli at Low Strains. E. V. Vernon. 
J. Sci. Instr., Jan., 1958, pp. 28, 29. Description 
of an instrument to determine by means of a 
resonance method the Young modulus and the 
modulus of rigidity of materials in the form of 
cylindrical rods. 


Electromechanical Transducers. Abraham I. 
Dranetz. Mach. Des., Jan. 9, 1958, pp. 120-122, 
125-128 

Direct Method of Accelerometer Calibration, 

. N. Brennan and S. Nisbet. ASA 
Jan., 1958, pp. 41-46. Army-sponsored descrip- 
tion of the developed method, and brief review 
of the advantages and disadvantages of some 
other older calibration methods. 


Trapped Oil Pressure Measures Turbine Power 
Output. Des. News, Feb. 3, 1958, pp. 32, 33. 
General characteristics and performance of the 
torque measuring arrangement. 


Ionic Altimeter Measures up to 250,000 Ft. 
R. F. Redemske. Av. Age, Feb., 1958, pp. 50-53, 
Development of a small ion chamber which 
can be used as an altimeter if calibrated to com- 
pensate for the peculiarities of ionized oxygen and 
nitrogen. It is expected that the prototype will 
have an accuracy of about 0.5 per cent over a 
range of 60,000-—250,000 ft. 


Novel Information Display System. Elec. 
Mfg., Jan., 1958, pp. 114, 115. Description of 
the design of a color-coded information display 
system for control panels and consoles. Up to 
four colors may be provided in each information 
display area to depict different bits of informa- 
tion concerning a given operation or device. 


” 


Automatic Control 


Ob Oslablenii Dostatochnykh Uslovii Abso- 
liutnoi Ustoichivosti. Vasile-Mikhai Popov. 
Avtom. i Telemekh., Jan., 1958, pp. 3-9. In Rus- 
sian. Analysis of the relaxation of sufficient 
conditions of absolute stability in an auto- 
matic control system with a nonlinearity in the 
speed characteristic of the servomotor. 


Ob Optimal’nykh Perekhodnykh Protsessakh ¥ 
Sisteme Avtomaticheskogo egulirovaniia s 
Ogranicheniem Polozheniia Reguliruiushchego 


Organa. E. K. Krug and 4 Minina. 
Aviom. i Telemekh., Jan., 1958, pp. 10-25. In 
Russian. Determination of optimum transients 


for automatic control systems including regulated 
units with various dynamic properties and with 
delay. 


Ob Ustoichivosti Nelineinykh Reguliruemykh 
Sistem. E. N. Rozenvasser. AN SSSR Dokl., 
Dec. 1, 1957, pp. 582-585. In Russian. Deriva- 
tion of sufficient stability conditions for certain 
nonlinear regulated systems represented by fifth- 
and sixth-order differential equations, using 
Lourier’s theorem. 


O Sushchestvennykh Nedostatkakh v Opre- 
deleniiakh i Terminologii Avtomaticheskogo 
Regulirovaniia. A. L. Vertsaizer and V. M. 
Iakovlev. Aviom. i Telemekh., Jan., 1958, pp. 
95-98. In Russian. Discussion of the essential 
drawbacks in the terminology of the automatic- 
control theory. 


Ob Otsenke Tochnosti Vosproizvedeniia Voz- 
deistvii Lineinymi i Registriruiu- 
shchimi Sistemami. V. Vasil’ev. Avtom. 
Telemekh., Jan., 1958, ‘26-48. 12 refs. In 
Russian. Evaluation of the accuracy in repro- 
ducing a given group of disturbance by linear 
servosystems and recording systems. 

K Voprosu o Sinteze Lineinykh Dinamiches- 
kikh Sistem s Peremennymi Parametrami. 

M. Batkov. Avtom. i Telemekh., Jan., 1958, pp. 
49-54. In Russian. Development of a method 
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The ORGANIZATION and RETRIEVAL 
of INFORMATION 


The organization and retrieval of large volumes of 
diverse types of information is rapidly becoming one 
of today’s more serious problems. Major areas where 
the problem exists include business and industry, the 
military, the government, and the scientific and engi- 
neering community itself. 


In its simpler forms, the problem may involve, for 
example, the automatic handling and analysis of busi- 
ness data such as payrolls, sales and manufacturing 
figures, insurance premiums, and other essentially sta- 
tistical data. At the other extreme are certain complex 
military situations which require the concurrent inter- 
pretation, analysis, and integration on a very short time 
scale of data from a wide variety of sources, including 
field reports, photographs, news reports, estimates of 
industrial activity, and the like. In many of these situa- 
tions, there is the additional requirement to translate 
the information from a foreign language into English. 


The development in recent years of electronic data 
handling equipment is now making possible the 
practical solution of many of these problems. Such 
equipment has the capability to perform arithmetic 
operations, make decisions among alternatives, store 


and retrieve large quantities of information, and at 
high speed automatically perform long, complex 
sequences of operations. 

At Ramo-Wooldridge, work is in progress on advanced 
information handling systems that are characterized 
by large volume and widely different forms of infor- 
mation, short time scales, and a variety of uses and 
users. The scope of the work includes the planning of 
systems and procedures, programming various types of 
data handling equipment, and formulation of require- 
ments for new equipment. Research is also under way 
on the machine translation of foreign languages into 
English. 

Engineers and scientists with experience in the follow- 
ing fields are invited to explore the wide range of open- 
ings now available: 


Systems Engineering 
EDP Systems 

Computer Programming 
Console Design 

Display Development 
High Acuity Optics 
Photo Interpretation 


The Ramo-Wooldridge Corporation 
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CHRISTIE 


SILICON 


POWER 
RECTIFIERS 


Available in Industrial 


Missile 
Testing 


and Military types. Mili- 


tary type meets specs 


MIL-E-4970 and MIL-!- 
6181. Other stationary 
and mobile styles avail- 
able up to 1500 Amps. 


Write for 
Bulletin 
AC-58-A 


CHRISTIE ELECTRIC CORP. 
Dept. AE, 3410 W. 67th St., Los Angeles 43 


Over a Quarter Century of Rectifier Manufacturing 


Two Short Intensive Courses 


STRAIN GAGE 
TECHNIQUES 


will be given at the 


DEPARTMENT OF ENGINEERING 
UNIVERSITY OF CALIFORNIA 
AT LOS ANGELES 


Under the Joint Sponsorship of 
Engineering Extension, Department of 
Engineering 
University of California at Los Angeles 
and 
Society for Experimental Stress Analysis 


Lecture Course 


AUGUST 18-22, 1958 


(Monday through Friday) 


Laboratory Course 


AUGUST 25-29, 1958 


(Monday through Friday) 


For further information write to 


Engineering Extension 
Engineering Department 
University of California 

Los Angeles 24, California 


or 
Society for Experimental Stress Analysis 


P. O. Box 168 
Cambridge 39, Massachusetts 
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linear dynamic system by means of the given 
pulse response. 

Automatic Control; eee Digital Data- 
Control System Fitted to a Cincinnati Hydro- 
Tel. Peter J. Farmer. Aircraft Prod., Feb., 
1958, pp. 64-74. General characteristics and 
performance of the device. 

Semiconductors Shrink Servo System Size. 
Herbert L. Aronson and William R. Lamb. 
Electronics, Jan. 3, 1958, pp. 69-71. Description 
of a velocity-type servo system using a single- 
rate feedback loop and d.c. stabilization. Net- 
work design is based on constant-current driving 
source and low impedance load conditions im- 
posed by transistor operation. 


Flow Measuring Devices 


Some Investigations on Low-Speed Anemome- 
try. L. J. F. Broer, C. J. Hoogendoorn, and A. 
Kortleven. Appl. Sct. Res., Sect. A, No. 1, 1958, 
pp. 1-13 Low-air-speed investigation of a 
thermistor anemometer mounted in a whirling 
arm apparatus. 


Static Response of a Hemispherical-Headed 
Yawmeter at High Pte and Transonic 
Speeds. P. G. Hutton. Gt. Brit., RAE TN 
Aero. 2525, Aug., 1957. 24 pp. Investigation 
showing that the sensitivity to yaw (for angles 
up to 8°) varies smoothly with Mach Number at 
transonic speeds and is little affected by a cross- 
flow normal to the line joining the holes. 


Pressure Measuring Devices 


Laboratory Pressure Measurement Require- 
ments for Evaluating the Air Data Computer. 
A erlein. Aero. Eng. Rev., Apr., 1958, pp. 


53-57. Discussion of pressure measuring de- 
vices which includes the following: determination 
of allowable instrumentation tolerances, types of 
barometers presently used in industry, tech- 
niques and associated equipment used with 
barometers, and techniques involving a barom- 
eter accurate to +0.002 in. of mercury. 


Recent Advances in Dynamic Pressure Meas- 
urement Techniques. F. F. Liu and T. ‘ 
Berwin. (ARS Semi-Annual Meeting, San Fran- 
cisco, June 10-13, 1957.) Jet Propulsion, Feb., 
1958, pp. 83-85, 128-132. 43 refs. Study per- 
taining to rocketry, gas dynamics, and nuclear 
kinetics, including a brief description of several 
techniques developed for measuring high-speed 
pressure transients. 


Vibration Measuring Devices 


Absolute Calibration of a Capacitance-Type 
bea a Pickup. Tech. News Bul., Jan., 1958, 


1-3. 
Pa Contact Extensometer for the Recording ef 
Flight-Load Spectra. OO. Svenson. (NATO 
AGARD 10th Flight Test Panel, London, May 
20-24, 1957.) NATO AGARD "Rep. 121, May, 
1957. 10 pp. Description of the device register- 
ing ~ various stress cycles on a film run at low 
speed. 


Laws & Regulations 


El Derecho Aeronautico y el Derecho Astro- 
nautico. Francisco Loustau Ferran. Rev. Aero., 
Dec., 1957, pp. 953-961. In Spanish. Discus- 
sion covering the historical development and the 
aaa of aeronautical and astronautical 
aws. 


Machine Elements 


A Qualitative Separation of Wear Factors. 
L. Rozeanu and O. Preotescu. Rev. Méc. Appl., 
No. 1, 1957, pp. 115-127. 13 refs. 

The Problem of a Rotating Disk with Rigid 
Circular Central Part. F. Szelagowski. Acad. 
Pol. Sci. Bul., No. 5, 1957, pp. 269-274. 


Stresses in a Rotating Circular Disk of Aeolo- 
tropic Material Considered as a Three-Dimen- 
sional Problem. B. B. Chatterjee. J. Techn., 
June, 1957, pp. 59-63. Determination of 
stresses using cylindrical coordinates. 


Bearings 


Rules for Application of Needle Bearings. 
Richard Smith. Mach. Des., Jan. 9, 1958, pp. 


116-119. Presentation of rules valid primarily 
for heavy-duty, end-guided, full-complement 
types. 


A Bibliography on Gas-Lubricated Bearings. 
Eugene B. Sciulli. Franklin Inst. Labs. Interim 
Rep. I-A2049-1, Dec. 1, 1957. 89 pp. ONR- 
sponsored investigation. 


Materials 


Research and Development Leading to the 
Establishment of Ultrasonic Test Standards for 
Aircraft Materials. A. D. Guinn, R. D. McKown, 
J. C. Folz, and W. C. Hitt. USAF WADC TR 
57-268 [AD 142034), Oct., 1957. 121 pp. Investi- 
gation to determine signal response variables 
which may be caused by manufacturing methods 


(rolling, forging, machining, heat treating, 
etc.). Comparison is made between test re- 
sults obtained from different alloys of the same 
group, different crystals, and various frequencies 
and gain settings. 

Low-Temperature Moulding. Aircraft Prod., 
Feb., 1958, pp. 84-86. Development of a steel- 
powder and resin material having stable char. 
acteristics for general tooling applications. 


Ceramics & Ceramals 


Ceramics That Bounce. R. H. Rudolph. 
Prod. Eng., Feb. 3, 1958, p. 76. Presentation of 
properties for a cintered alumina spring capable 
of elastic action at high temperatures. 


The Use of Refractory Ceramics in Rocket 
Engines. William R. Sheridan. Am. Cer, 
Soc. Bul., Feb., 1958, pp. 91-94. Discussion of 
the problems in design, construction, and opera- 
tion of refractory lined rocket chambers. 

Ceramic Radome Wall Thickness Tolerance 
Requirements and Their Interpretation. Melvin 

Kofoid. Am. Cer. Soc. Bul., Jan., 1958, 
pp. 4-8. Discussion showing how the proper 
interpretation of the electrical requirements make 
possible the production of extremely accurate, 
large ceramic radomes. 


Thermal and Thermoelectric Properties of 
a of Silicon with Transition Metals. P. V 
. Sov. Phys.-Tech. Phys., Jan., 1957, pp. 
oo 108. Translation. Test results for alloys of 
silicon and iron, chromium, and manganese, 
Thermoelectric force, thermal conductivity, coef- 
ficient of expansion, specific heats, and electrical 
conductivity are all determined. 


Elasticity, Strength, and Other Related Proper- 
ties of Some Refractory Castables. S. J. Schnei- 
der and L. E. Mong. (Am. Cer. Soc., 59th Annual 
Meeting, Dallas, May 7, 1957.) Am. Cer. Soc. J., 
Jan., 1958, pp. 27-32. 35 refs. Determination 
of various physical properties for six groups of 
castables done at a series of test temperatures. 

Silicon Nitride Refractory. T. F. Frangos, 
Materials in Des. Eng., Jan., 1958, pp. 115-117, 
Discussion of a material which has a high tem- 
perature stability, resistance to molten nonferrous 
metals, and good thermal shock resistance. Phys- 
ical properties and design techniques are pre- 
sented along with some applications. 


Corrosion & Protective Coatings 


Corrosion Resistance of Nickel Alloys in Mol- 
ten Sodium Hydroxide. H. B. Probst, C. E, 
May, and Moward T. McHenry. U.S., NACA 
TN 4157, Jan., 1958. 26 pp. 12 refs. Experi- 
mental investigation in order to find a _ high- 
strength container material for the caustic at 
1,500° and 1,700°F. Two types of material 
ed selected—-solid solutions and two-phase mate- 

Ss. 

Effect of Environments of Sodium Hydroxide, 
Air, and Argon on the Stress-Rupture Properties 
of Nickel at 1500°F. Howard T. McHenry and 
H. B. Probst. U.S... NACA TN 3987, 
1958. 23 pp. 13 refs. 


of Zinc Dust Pigmented 
Coatings. S. Nantz. USAF WADC TR 
57-185 fab 131054}, Sept., 1957. 23 pp. De- 
velopment of a conductivity test method for 
determining optimum film thickness and opti- 
mum zine content for minimum resistance, 
as well as the effect of curing time on resistance. 


Metals & Alloys 


O Vzaimootnoshenii Protsessov Diffuzii 
Perestroiki Reshetki pri Raspade _ Peresy- 

chennykh Tverdykh Rastvorov v Splavakh. 
Iu. A. Bagariatskii and Iu. D. Tiapkin. AN 
SSSR Dokl., Aug. 21, 1957, pp. 1111-1114. 20 
refs. In Russian. Determination of the rela- 
tionship of diffusien processes and lattice recon- 
struction during decomposition of solid solutions 
in alloys. 

O Diffuzii v Tverdykh Rastvorakh s Pere- 
mennoi Kontsentratsiei. L. S. Palatnik and A. 
P. Liubchenko. AN SSSR Dokl., Nov. 21, 1957, 
pp. 407-410. In Russian. Derivation of an 
equation for the diffusion of solid solutions with 
variable component concentration as well as in 
systems with strain and temperature gradients. 


Total Normal Emissivities and Solar Absoro- 
tivities of Materials. G. B. Wilkes. USAF 

WADC TR 54-42 [AD 88066], Mar., 1954. 94 
pp. 68 refs. Determination of emissivities of 
materials for use on the exterior surfaces of pro- 
posed aircraft and missiles. 

High Temperatures Sour Use of Nickel-Base 
Alloys. I. T. E. Kihlgren. Av. Age, Feb, 
1958, pp. 30-35. Discussion of the properties of 
Inconel 713C, 901, and 804. Some possible ap- 
plications to aircraft and missiles are described. 

Termodinamika Pochti Polnost’iu Uporiado- 
chennykh Rastvorov. M. A. Krivo- 
glaz. AN SSSR Dokl., Nov. 11, 1957, pp. 213- 
216. In Fannie Discussion of the thermody- 


namics of almost completely ordered solid solu- 
tions. 

Which Coating at High Temperature? Gor- 
Eng., Jan. 20, 1958, pp. 
Presentation of some guides for choos- 
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ooo message is received 


In a manned aircraft, checking speed, attitude, temperature, etc., is a 
simple task. 


But what about unmanned missiles and rockets, dispatched to high 
altitudes or over long distances? Here, one practical answer is telemetering: 
radio communication between automatic transmitters in the vehicle and 
receivers back on earth . . . asteady flow of electronic messages about altitude, 
direction, position and other vital information. 


To provide data about the attitude of an airborne vehicle at any point 
in its flight, an extremely sensitive gyro with two degrees of freedom is one 
of the latest developments in a comprehensive line of measurement and 
control devices for the aircraft and avionics industry. 


MANUFACTURING COMPANY 
A Division of Mandrel Industries, Inc. 

7814 MAPLEWOOD INDUSTRIAL COURT 

SAINT LOUIS 17, MISSOURI 
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ing base metals best suited for corrosion re- 
sistance, erosion resistance, and compatibility. 
Investigation of Fe-Mn-Cr-N-C System for 
Heat Resistance and Oxidation Resistance Be- 
tween 1200 F and 2000 F. Appendix I—Pre- 
cipitation Reactions in Austenitic Cr-Mn-C-N 
Steels. Appendix II—Chromium Equivalents of 
the Strengthening Elements, V, W, Mo, and Cb. 
Chi-Mei Hsiao and Edward J. Dulis. USAF 
WADC TR 57-242 [AD 142086], Nov., 1957. 
144 pp. 17 refs. 


Metals & Alloys, Ferrous 


The Effect of Preloading on the Yield Point in 
Tron. M. M. Hutchison and N. Louat. Acta 
Metallurgica, Jan., 1958, pp. 8-12. Presentation 
of yield-stress increase measurements for dis- 
tinguishing between current theories of the yield 
point in Cottrell locked systems. 


Development of New Mechanisms and Tech- 
niques for Obtaining Steels in the Ultrahigh 
Strength Range. Damian Gullotti, Erwin 
Eichen, and Joseph W. Spretnak. USAF WADC 
TR 56-555 [AD 130755], May, 1957. 49 pp. 
76 refs. 

An Investigation of Three Ferritic Steels for 
High-Temperature Application. I—Effect of 
Hardness Level on the Properties of SAE 4340 
and ‘17-22-A”S Steels. —General Survey 
of the Response of ‘‘17-22-A’’V Steel to Heat 
Treatment. III—Study of Mixed Bainitic Struc- 
tures. IV—Study of the Effect of a Prior Homog- 
enization; Normalize. V—Effect of Hot- 
pasar | Conditions. A. Phillip Coldren and 
James W. Freeman. USAF WADC TR 57-40 
{AD 118204,}, Apr., 1957. 107 pp. Study car- 
ried out at 700° to 1,100°F. to determine the 
relationship between microstructure and proper- 
ties for low-alloy, hardenable steels; includes a 
Ni-Cr-Mo, and two Cr-Mo-V specimens. 


Metals & Alloys, Nonferrous 


The Mechanism and eaetins of Age Harden- 
ing in Mg-Li Alloy System: Clark. 
USAF WADC TR 57-405 [AD 142107), Oct., 

1957. 46 pp. 13 refs. 

Aluminium Alloys in Aircraft Structures. G. 
Meikle. (NATO AGARD Sth Structures & 
Materials Panel, Oslo, Apr. 24-27, 1957.) NATO 
AGARD Rep. 102, Apr., 1957. 11 pp. Discus- 
sion of the compositions of three groups of alu- 
minum alloys used in England in terms of their 
relation to alloys used in the U.S. 


Development of a Corrosion Resistont Mag- 
nesium Alloy. Il—Surface Tension Data of 
Elements. Appendix I—Methods of Esti- 
mating Surface Tensions of Metals. Appendix 
II—Physical Properties Used in Estimating Sur- 
face Tensions. V. P. Siuta and M. Balicki. 
USAF WADC TR 57-241, Pt. II [AD 131010}, 


Aug., 1957. 43 pp. 191 refs. 

5. J. Pasi d L. L. Wyman. ADC 
TR 57- 504 [AD 142110), Oct., 1957> 27 


refs. 


Titanium in Britain and the Continent. Eric 
Swainson. J. Metals, Jan., 1958, pp. 21-24. 
Discussion of the research and development work 
done on titanium, including its different non- 
defense and aircraft applications. 


Soviet Titanium Research and Production. 
John P. Nielsen. J. Metals, Jan., 1958, pp. 25, 26. 
Discussion of Soviet production of titanium 
sponge, titanium alloys, and of the research on 
powder titanium. 


U.S. Progress in Titanium During 1957. W. J. 
Harris, Jr. J. Metals, Jan., 1958, pp. 19, 20. 
Discussion of the progress of three commercial 
heat treating techniques and in continuous cold 
strip rolling. A number of new alloys, as well 
as the increased competition from other metals, 
are also discussed. 


Production Problems of Titanium and its 
Alloys. E. Swainson and R. L. P. Berry. (NATO 
AGARD 5th Structures & Materials Panel, 
Copenhagen, Apr. 29-May 3, 1957.) NATO 
AGARD Rep. 95, Apr.-May, 1957. 29 pp. 


The Mechanical and Engineering Properties 
4 Commercially Available Titanium Alloys. 

H. V. Kinsey. (NATO AGARD Sth Structures & 
Materials Panel, Oslo, go 24-27, 1957.) NATO 
AGARD Rep. 100, Apr., 1957. 15 pp. 


Research on the Effects of Stress, Strain, and 
Temperature on the Eutectoid Decomposition of 
Titanium Alloys. Appendix—Detailed Resistiv- 
ity, Elastic Modulus, Tensile, and X-Ray Data. 


Adolph W. Goldenstein, Arthur G. Metcalfe, 
and William Rostoker. USAF WADC 
57-360 [AD 142142], Nov., 1957. 65 pp. 


The Effect of Various Machining Processes on 
the Reversed-Bending Fatigue Strength of A- 
110 at Titanium Alloy Sheet. Robert J. Rooney. 
USAF WADC TR 57-310 [AD 142118), Nov., 
1957. 9 pp. 


Study of Microdistribution of Interstitial Ele- 
—_ in Titanium by Internal Friction Tech- 

oe Devendra Gupta and Sheldon Weinig. 
USAF WADC TR 57-420 [AD 142145], Nov., 
1957. 44 pp. 13 refs. Study of the room tem- 
perature effects, interstitial stress relaxation, 
and the grain boundary effects. 


126  Aero/Space Engineering 


A Titanium Vanadium Alloy. A. R. G. Brown 
and P. M. R. Gates. Gt. Brit., RAE TN Met. 
259, July, 1957. 13 pp. Presentation of me- 
chanical properties at room temperature and at 
400°C. for an alloy consisting of 56.8 per cent Ti, 
37.4 per cent V, 5.4 per cent Al, and 0.67 per cent 


Nonmetallic Materials 


The we og: of Annealed and Heat-Treated 
Glass. F. G. J. Brown and J. Ellis. Gt. Brit., 
ARC R&M 3003 (July, 1954) 1957. 37 pp. 23 
refs. BIS, New York, $1.89. Development of 
statistical methods for choosing allowable de- 
sign stresses for annealed and heat-treated glass, 
and discussion of the possibility to increase the 
structural efficiency of glass panels for use in 
military aircraft. 

The Mechanical Properties in Tension and 
Compression at Room Temperature and 1,000°C 


of Three Moulded Carbon Materials. 'M. S. 
Binning and B. F. Billing. Gt. Brit., RAE TN 
Met. 271, Sept., 1957. 21 pp. 


Photochemical Synthesis of Organic Fluorine 
Compounds. Joseph D. Park and John R. 
Lacher. USAF WADC TR 56-590, Pt. I [AD 

142171), Nov., 1957. 97 pp. 47 refs. 

Preparation of Polymers from Halogen-Con- 
taining Olefins and Diene Monomers. 3 
Iserson, M. Hauptschein, and F. E. Lawlor. 
USAF WADC TR 57-436 [AD 142116], Nov., 
1957. 87 pp. 191 refs. 

Selection Guide for Sandwich-Panel Core 
Materials. R.K. Humke. Prod. Eng., Jan. 20, 
1958, pp. 70-75. Presentation of different data 
on core materials, indicating their general char- 
acteristics. 

Silicon-Oxygen-Tin Polymers. Appendix I— 
Reaction Procedure. Joseph F. O’Brien. USAF 
WADC TR 57-502 {AD 142100], Oct., 1957. 
16 pp. Development of a method for preparing 
new types of polymeric materials. 

Heat Resistant Laminate for Supersonic Air- 
borne Equipment. F. William Jahns, Jr. Elec. 
Mfg., Jan., 1958, pp. 84, 85. Evaluation of a 
felted asbestos-base phenolic laminate for severe 
environmental structural-heat problems in air- 
borne electronic systems and components. 

The Chemical Reactions of Silicon Isocyanates. 
Joseph F. O’Brien. USAF WADC TR 57-503 
[AD 142101], Oct., 1957. 12 pp. 21 refs. In- 
vestigation carried out to determine whether the 
isocyanates can be used as monomers for the 
preparation of silicon-containing polyurethane 
resins. 

The Oxidative Degradation of Patene-ty- 


styrenes. Harold C. Beachell and Spe P. 
Nemphos. USA 7ADC TR 56- ‘AD 
130860), July, 1957. 40 pp. 10 refs. 

Silicones and Their Applications. J. Ames. 
J. Sci. Instr., Jan., 1958, pp. 1-8. 14 refs. Dis- 


cussion of the characteristics of the polysiloxane 
chain and of their effects on the properties of 
silicones. The manufacture and properties of sili- 
cones in the form of fluids, rubbers, and resins are 
described, and their special applications are dis- 
cussed. 


Mathematics 


Redutsirovannye Strategii dlia Igr v Obob- 
shchennoi Forme. N.WN. Vorob’ev. AN SSSR 
Dokl., Aug. 11, 1957, pp. 855-857. In Russian. 
Extension of the Kuhn theorem of games to a 
more generalized case. 


O Pervoi Kraevoi Zadache dlia Uravnenii 
Odnomernoi Nestatsionarnoi Fil’tratsii. A. S. 
Kalashnikov. AN SSSR Dokl., Aug. 11, 1957, 
pp. 858-861. In Russian. Study of the first 
boundary-value problem for equations express- 
ing one-dimensional nonstationary filtration. 


Bystrote Skhodimosti Metoda Orto- 
nykh Proektsii dlia Pervoi Kraevoi 

ravnenii Tg Tipa. 
Kliot-Dashinskii. AN Dokl., pe 
1957, pp. 566-569. In Bn Analysis of the 
convergence rate of the orthogonal-projection 
method for the first boundary problem in the case 
of polyharmonic-type equations. 

Kraevye Zadachi dlia Nelineinykh Paraboli- 
cheskikh Uravnenii. Chzhou Iui-Lin’. AN SSSR 
Dokl., Nov. 11, 1957, pp. 195-198. In Russian. 
Study of boundary problems with nonlinear 
boundary conditions for the quasilinear parabolic 
equation with two independent variables, as well 
as the second boundary problem for the quasi- 
linear parabolic equation in the case of several in- 
dependent variables. 

O Svoistvakh Reshenii Nekotorykh Kraevykh 
Zadach dlia Uravnenii Parabolicheskogo Tipa. 
Rudolf Vyborni. AN SSSR Dokl., Dec. 1, 1957, 
pp. 563-565. In Russian. Application of the 
Hopf and Oleinik method to determine the char- 
acteristics of solutions for certain boundary 
problems of parabolic equations. 

O Raspolozhenii (e)-Tochek Polinomov Nai- 
luchshego Priblizheniia. S. F. Pashkovskii. 
AN SSSR Dokl., Dec. 1, 1957, pp. 576, 577. 
In Russian. Evaluation of the position of (e)- 
points of best-approximation polynomials. 

Neravenstva dlia Mnogochlenov i ikh Proizvod- 
nykh. G. K. Lebed’. N SSSR Dokl., Dec. 1, 
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1957, pp. 570-572. In Russian. Presentation 
of a number of theorems for evaluating poly- 
nomials and their derivatives. 


O Nekotorykh Otsenkakh v Teorii Form Te- 
plitsa i Ortogonal’nykh Mnogochlenov. 
Geronimus. AN SSSR Dokl., Nov. 1, 
pp. 25-27. In Russian. Evaluation of certain 
estimates in the theory of Téplitz forms and 
orthogonal polynomials. 

K Voprosu o Chislennom inaepinonea Para- 
bolicheskikh Uravnenii. V. K. Saul’e AN 
SSSR Dokl., Nov. 1, 1957, pp. 36-39. 
sian. Development of a method for the numeri- 
cal integration of parabolic equations. 


O Raznostnom Metode Resheniia Nelineinoj 
Zadachi Gursa. B. M. Budak and A. D. Gor- 
bunov. AN SSSR Dokl., Dec. 1, 1957, pp. 559- 
562. In Russian. Evaluation of the solution 
to the nonlinear Goursat problem by means of the 
method of finite differences. 


O Periodicheskikh Resheniiakh v Okrest- 
nosti Osoboi Tochki Dinamicheskoi Sistemy, 
M. A. Krasnosel’skii. AN SSSR Dokl., Nov. 11, 
1957, pp. 180-183. In Russian. Derivation of 
periodic solutions in the neighborhood of a 
singular point of a dynamic system. 


Poverkhnost’ Vtorogo Poriadka Li dlia Linei- 
chatykh Poverkhnostei Kongruentsii. S. E. Kara- 
petian. AN SSSR Dokl., Nov. 11, 1957, pp. 176- 
179. In Russian. Derivation of an ‘invariant 
equation of the second-order Lie surface for ruled 
surfaces of congruence, and analysis of some 
related problems, using Cartan’s method 

Ob Odnoi Variatsionnoi Zadache Gil’berta. 
S. M. Nikol’skii. AN SSSR Dokl., Dec. 1, 1957, 
pp. 573-575. In Russian. Analysis of a varia- 
tional Gilbert problem. 


O Metode Frommera Issledovaniia Osoboi 
Tochki. I. S. Kukles. AN SSSR Dokl., Nov. 
21, 1957, pp. 367-370. In Russian. Extension 
of Frommer’s method for the investigation of 
singular points. 

Konechno-Opredelennye Gruppy i Al 
S. I. Adian. AN SSSR Dokl., Nov. 1, 1957, pp. 
9-12. In Russian. Extension of previously ob- 
tained results to the analysis of finitely defined 
groups and algorithms. 


O Nekotorykh Kvazilineinykh Paraboliches- 
kikh Sistemakh. T. D. Venttsel’. AN SSSR 
Dokl., Nov. 1, 1957, pp. 21-23. In Russian. 
Analysis of certain quasilinear parabolic sys- 
tems, including the solution of the Cauchy prob- 
lem using Rothe’s method. 


Ob Odnom Sposobe 
vaniia Uravnenii Diffuzii. V.K. Saul’ev. AN 
SSSR Dokl., Aug. 21, 1957, y= 1,077-1,079. 
In Russian. Development of a method for the 
numerical integration of diffusion equations. 


O Poluprivodimykh Rimanovykh Prostrans- 
tvakh. G. I. Kruchkovich. AN SSSR Dokl., 
Aug. 11, 1957, pp. 862-865. In Russian. Anal- 
ysis of semireducible Riemannian spaces. 

O Nekotorykh Spetsial’nykh Klassakh Topo- 
logicheskikh Prostrantsv i 4,-Operatsii. I. & 
Parovichenko. AN SSSR Dokl., Aug. 11, 1957, 
pp. 866-868. In Russian. Analysis of special 
classes of topological spaces and 4,-operations. 


Ob Odnom Funktsional’nom Prostranstve i 
Nekotorykh Ekstremal’nykh Zadachakh. L. V. 
Kantorovich and G. Sh. Rubinshtein. AN 
SSSR Dokl. Aug. 21, 1957, pp. 1,058-1,061. 
In Russian. Analysis of a functional space and 
certain extremum problems. 


O Topologicheskikh Prostranstvakh, Ves 
Kotorykh Bol’she Moshchnosti. I. I. Parovi- 
chenko. AN SSSR Dokl., Aug. 21, 1957, pp. 
1,074-1,076. In Russian. Study of the problem 
of topological spaces whose weight exceeds their 
power. 


On the #(p)-Classes of a Topological Space. 
Wu Wen-Tsun. Sci. Rec., Dec., 1957, pp. 15-18. 


Intersection for Cones in a Linear 
Spa E. erton. U. Md. Dept. Math. 
Rep. “(AFOSR TN 57-765) [AD 136755], Nov., 
1957. 6 pp. 


Characteristic Classes on Local Coefficients. 
Lee Pei-Shing. Sci. Rec., Dec., 1957, pp. 19-22. 


On the Cohomology je * of a Sphere Bundle. 
W. S. Massey. J. Math. Mech., Mar., 1958, 
pp. 265-289. 20 refs. pe Pons of the general 
problem on determining the cohomology ring of a 
fiber space whose fibre is a sphere, in terms of the 
cohomology of the base space and various in- 
variants of the fibre space structure, such as 
characteristic cohomology classes (Stiefel-Whit- 
ney and Pontrjagin classes). 


Set Functions and Translation 
in the Plane. P. H. Maseric’ U. Md. Dep 
Math. Rep. (AFOSR TN 57- 764) [AD 136759), 
Nov., 1957. 8 pp. 


A Theorem of Frobenius, a Theorem of Amit- 
sur-Levitski and Cohomology Theory. Bertram 
Kostant. J. Math. & Mech., Mar., 1958, pp. 237- 
264. OSR-sponsored examination of the three 
theorems to show their equivalence. 


Ob Oblasti Znachenii Odnogo Funktsionala v 
Zadache o Nenalegaiushchikh Oblastiakh. N. A. 
Lebedev. AN SSSR Dokl., Aug. 21, 1957, pp. 
1,070-1,073. In Russian. Analysis of the do- 
main of values of a certain functional in the 
problem of nonoverlapping domains. 
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...and everywhere in between —- we'll serve you well 


We have the experience and resources to take an idea— for. We'd like to tell you more about them—and about 
yours, ours or a combination of both—and to build how the military and industry use them in projects which 
that idea into a complete weapons, guidance and control, require creative thinking and painstaking accuracy. 
or inertial system. Bridging this gap effectively and 
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A. I. Kostrikin and I. R. Shafarevich. 
SSSR Dokl., Aug. 21, 1987 pp. 1,066— 1,080. 
In Russian. Study of groups of nilpotent alge- 
bra homologies. 


Priblizhennoe Vychislenie Kratnykh 


s Pomoshch’iu pay Teorii Chisel 
AN Doki., Aug. 21, 1957, 
1,062-1,065. In Application of 


ods of the number theory to the approximate cal- 
culation of repeated integrals. 


Lokal’naia Predel’naia Teorema dlia Neod- 
norodnykh Tsepei Markova s Schetnym Chislom 
ostoianii. V A. Statuliavichus 

SSSR Dokl., Aug. 11, 1957, pp. 872, 873 
it Russian. Analy sis of a local limit theorem for 
inhomogeneous Markoff chains with an enumer- 
able number of possible states. 


Reshenie v Integral’noi Forme Odnoi Sme- 
shannoi Zadachi dlia Sistemy Dvukh Differen- 
tsial’nykh Uravnenii Para Tipa. 
A. P. Prudnikov. AN SSSR Dokl., Aug. 11, 
1957, pp. 869-871. In Russian. Integral- form 
derivation of a solution for the mixed problem 
of a system of two parabolic differential equa- 
tions. 

Periodic Solutions and Limit Cycles of —“—“ 
Non-Linear Differential Systems. Yeh Yen- 
Chien. Sci. Rec., Dec., 1957, pp. 29-32. 


Ekvivalentnye Sistemy Lineinykh Uravnenii v 
Chastnykh Proizvodnykh s Postoiannymi Koef- 
fitsientami. V. M. Borok. AN SSSR Dokl., 
Dec. 1, 1957, pp. 555-558. In Russian. Analysis 
of equivalent systems of linear partial differen- 
tial equations with constant coefficients. 

Error Bounds for the Runge-Kutta Single-Step 
Integration wapenee. John W. Carr III. Assoc. 

‘omp. Mach. J., Jan., 1958, pp. 39-44. Investi- 
gation of the ‘ of Kutta’s fourth order 
procedure for the numerical integration of ordi- 
nary differential equations. 

Ob Odnom Klasse Nelineinykh Differen- 
tsial’nykh Uravnenii. V. A. Iakubovich, AN 
SSSR Dokl., Nov. 1, 1957, pp. 44-46. In Rus- 
sian. Evaluation of a class of nonlinear dif- 
ferential equations and development of Lourier’s 
method in invariant form. 

Nekotorye Smeshannye Zadachi dlia Para- 
bolicheskikh Sistem Differentsial’nykh Urav- 
nenii. T. Ia. Zagorskii. AN SSSR _ Dokl., 
Nov. 21, 1957, pp. 359-362. In Russian. Solu- 
tion of some mixed problems for parabolic sys- 
tems of differential equations. 


Issledovanie Odnoi Nelineinoi we Trekh 


Differentsial’nykh Uravnenii. . Pliss. AN 
SSSR Dokl., Nov. 11, 1957, pp. Aiet 187. In 
Russian. Study of a nonlinear system of three 


differential equations of the Eisermann type. 


DELAVAN 


FUEL INJECTORS 


And is it any wonder? Today’s high performance aircraft 
simply demand products that have been Handled With Care. 

At Delavan, performance and reliability are the keynotes. 
Consider these accomplishments in fuel injection: 


Flow Ranges — Certain of the 
Delavan Fuel Injectors are 
manufactured regularly with 
flow ranges as high as 50 to 1. 
On occasion, injectors have 
been furnished providing good 
atomization over flow ranges of 
100 to 1. 


Fiow Tolerances — Delavan In- 
jectors have been furnished as 
production items with flow tol- 
erances not exceeding +1% at 
maximum flow rating. 


Spray Angles — Delavan Injec- 
tors can be guaranteed within 

+2%° when meaiered } %” from 
the nozzle orifice. 


Spray Patterns — Guaranteed 
to meet all regular segmenta- 
tion tests. : 
In addition to exacting per- 
formance specifications, other” 
requirements are frequently in- 
volved and must be met in the 
final product. Factors such as 
high and low temperature en- 
vironments, unusual materials, 
corrosive and abrasive fluids, 
limited space and weight re- 
quirements as well as unique 
principles of operation and in- 
genius design arrangements are 
all a part of Delavan’s engi- 
neering and manufacturing ex- 
perience. Be sure Delavan iss 
on your supplier team. Ze 
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O Skhodimosti Resheniia Raznostnogo Urav- 


neniia Resheniiu Differentsial’nogo Urav- 
neniia. A. I. Zhukov. AN SSSR Dokl., Nov, 
11, 1957, pp. 174-176. In Russian. Evaluation 


of the convergence of the solution of a differ. 
ence equation to the solution of a differential 
equation. 

Ob Odnom Neogranichennoi Prime- 
nimosti Teoremy S. A. Chaplygina o Neravenst- 
vakh k Sistemam Differentsial’aykh Uravnenii® 
Poriadka. S. Rakovshchik. ANJ 
SSSR Dokl., Nov. 21, 1957, pp. 378, 379. In 
Russian. Establishment of a condition for un-§ 
limited applicability of Chaplygin’s theorem on 
inequalities to systems of first-order differential 
equations. 

Ob Ustoichivosti Raznostnykh Skhem dlia 
Resheniia Differentsial’nykh Uravnenii Para- 
Tipa. lIuan’ Chzhao-Din. AN 
SSSR Dokl., Dec. 1, 1957, pp. 578-581. In Ruse 
sian. Presentation of difference schemes for 
the solution of parabolic differential equations. 


Linear Partial Differential Systems with an 
Avner Friedman. Math Mech., Mar. 
1958, pp. 173-190. q49 refs. ONR-sponsored 
presentation of a proof showing that all solutions 
of a linear differential system of an elliptic or 
parabolic type and of order m cannot satisfy an 
additional linear partial differential equation 
of order m at a fixed point. 

Sufficient Conditions for the Existence of % 
Periodic Solutions of Systems of Weakly Non- 
linear First and Second Order Differential Equa- 
tions. Jack K. Hale. J. Math. & Mech., Mar. 
1958, pp. 163-171. 


Properties of Solutions of Certain Differential 
Equations in Three Variables. Stefan Bergman. 
J. Math. & Mech., Jan., 1958, pp. 87-101. ONR- 
supported study. 


On Some Approximation Methods for Solutions 
of the Dirichlet Problem for Linear Elliptic Equa- 
tions of Arbitrary Order. Felix E. Browder. 
J. Math. & Mech., Jan., 1958, pp. 69-80. 20 refs, 
Discussion of the Bergman kernel function, the 
Schwarz alternating method, and the Poincaré 
“sweeping out’’ process. 

On the Regularity of the Solutions of Nonlinear 
Elliptic and Parabolic Systems of Partial Dif- 
ferential Equations. Avner Friedman. J. Math. 

, Jan., 1958, pp. 43-59. 22 refs. ONR- 
supported proof of general regularity theorems 
which include, as a special case, the theorem on the 
analyticity of solutions, both in the interior and 
on the boundary. The method used consists of 
some nonlinear estimates combined with known 
methods for linear systems. 


O Vyrazhenii dlia Sleda Raznosti Dvukh 
Singuliarnykh Differentsial’nykh Operatorov Tips 
Shturma-Liuvillia. L. Faddeev. AN SSSR 
Dokl., Aug. 11, 1957, pp. 878-881. In Russian, 
Derivation of an expression for the trace of the 
difference between two singular differential op- 
erators of the Sturm-Liouville type. 


O Nekotorykh Operatorakh v Obobshchen- 
nykh Prostranstvakh Orlicha. I. V. Shragin. 
AN SSSR _ Dokl., Nov. 1, 1957, pp. 40-43. In 
Russian. Definition of necessary and sufficient 
conditions for the Nemytsky’s operator in gen- 
eralized Orlicz spaces. 


Singuliarnye Integral 
S. G. Mikhlin. AN SSSR Dokl., Nov. 1, 195 
pp. 28-31. In Russian. Calculation of singular 
integrals in Lp spaces using previously obtained 
definitions. 


O Nekotorom Obobshchenii 
Metoda. A. E. Martyniuk. AN SSSR Dokl., 
Nov. 21, 1957, pp. 374-377. In nocian Gen- 
eralization of the variational method and exten- 
sion to a wider class of linear operators. 


O Nailuchshikh Priblizheniiakh Pochti-Perio- 
dicheskikh Funktsii Tselymi Funktsiiami Konech- 
noi Stepeni. A. Bredikhina. AN SSSR 
Dokl., Nov. 1, 1957, pp. 17-20. In Russian. 
Derivation of the closest approximation of almost 
periodical functions by integral functions of 
finite degree. 


kikh Funktsi . M. Tikhomirov. SSSR 
Dokl., Nov. 11, 1057, pp. 191-194. 
Analysis of the e-entropy of some classes of ana- 
lytical functions. 


Un Théoréme Général sur les Fonctions Holo- 
morphes dans le Cercle Unité et ses Applications. 
II. Chi-Tai Chuang. Sctentia Sintca, Oct., 
1957, pp. 757-831. In French. Mathematical 
investigation of a general theorem concerning the 
holomorphic functions in the unit circle, including 
their applications. 


Properties of the Hugoniot Function. Robert 
D. Cowan. J. Fluid Mech., Feb., 1958, pp. 531- 
545. Discussion of some 19 different physical 
properties of the Hugoniot function. 


Asimptoticheskie Formuly dlia Obobshchen- 
nykh Funktsii Lezhandra i Funkstii Gegenbauera. 
R. M. Muradian. AN SSSR Dokl., Aug. 11, 
1957, pp. 887-890. In Russian. Derivation of 
asy’ a formulas for the generalized Legendre 
and Gegenbauer functions. 


Integral’nye Predstavieniia Operatorno-Anali- 
noi. Fage. AN SSSR Dokl., Aug. ll, 
1957, In Russian. Integral repre- 
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America is awake to the urgent need for 
the combined efforts of science, engineer- 
ing and industry to back up the military 
in leading the way to lasting peace. 


At Westinghouse Air Arm, scientists and 
engineers . . . with more than 20 years of 
airborne electronics experience behind 
them... are working NOW on these ad- 
vanced concepts and systems: 

Space Navigation Space Communication 


Space Flight Control Space Guidance 
Space Armament Space Reconnaissance 


For information on Air Arm’s Space Sys- 
tems Engineering Group, write: Air Arm 
Division, Westinghouse Electric Corpora- 
tion, P.O. Box 746, Baltimore 3, Mary- 


land, or contact your nearest Air Arm 
representative. J-86000 
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sentations of analytical operator functions of one 
independent variable. 

O Funktsiiakh bez Obshchikh Znachenii i 
Vueshnei Granitse Oblasti Znachenii Funktsii. 
Iu. E. Alenitsyn. AN SSSR Dokl., Aug. 21, 
1957, pp. 1,055-1,057. In Russian. Evaluation 
of functions without common values and of 
the other boundary of the function’s domain 


Uniqueness Properties in the Theory of Dif- 
ferential Operators of Elliptic Type. Avner 
—- J. Math. & Mech., Jan., 1958, pp 
61-6 


Ob Odnom Klasse Uravnenii s tacrrygt nymi 
Operatorami. I. A. Bakhtin. AN SSSR Dokl., 
Nov. 1, 1957, pp. 13-16. In © aetlng Evalua- 
tion of a class of equations with positive opera- 
tors. 

Simplification of a Class of Boolean Functions. 
Edwin Hirschhorn. Assoc. Comp. Mach. J.. 
Jan., 1958, pp. 67-75. Description of the sim- 
plification method based on the definition of one- 
to-one mapping of the elements of a subset of the 
set of minimal polynomials (V variables) onto 
the set of instructions 


O Nekotorykh Nelineinykh Operatorakh v 
Prostranstvakh Orlicha. M. A. Krasnosel’skii 
and Ia. B. Rutitskii. AN SSSR Dokl., Nov. 21, 
1957, pp. 363-366. In Russian. Analysis of 
characteristics of some nonlinear operators in 
Orlicz spaces. 


Ob Otsenke Sobstvennykh Chisel Samoso- 
priazhenn — Operatorov. Z. L. Leibenzon. 
AN SSSR Dokl., Nov. 21, 1957, pp. 371-373 
In Russian. Evaluation of the characteristic 
numbers of self-adjoint operators. 


Matrices. I—General Principles. Electronic & 
Radio Engr., Feb., 1958, pp. 67-69. 


On the Orthogonal Equivalence of Sets of Real 
Symmetric Matrices. A.A. Albert. J. Math. & 
— Mar., 1958, pp. 219-235. OOR-sponsored 
study. 


A Method for the Computation of the Greatest 
Root of a Positive Matrix. Alfred Brauer. N.C. 
U., TR 6 (AFOSR TN 57-751) [AD 136739}, 
Dec., 1957. 6 pp. 


Intervals for the Characteristic Roots of an 
Hermitian Matrix. Alfred Brauer and A. C. 
Mewborn. N.C. U., TR 5 (AFOSR TN 57-343) 
[AD 132416], Oct., 1957. 13 pp. l2refs. Anal- 
ysis using the separation theorem for Hermitian 
matrices to obtain intervals for each of the » 
characteristic roots. 

Ob Ispol’zovanii Kriteriia Soglasiia x’ v 
Kachestve Kriteriia Nezavisimosti Ispytanii. 


G. P. Basharin. AN SSSR Dokl., Nov. 11, 
1957, pp. 167-170. In Russian. Evaluation 
of the use of goodness-of-fit criterion as a test for 
the independence of events. 


Mechanics 


Zur Einteilung raumlicher Mechanismen. 
E. Bugaievski, . Bogdan, and C. Pelecudi. 
(Stud. Cerc. Mec. Aplic., No. 2, 1957). Rev. 
Méc. Appl., No. 1, 1957, pp. 157-170. In Ger- 
man. Discussion of means for the classification 
of spacial mechanisms. 


Das Anfangswertproblem der statistischen Me- 
chanik. Rudolf Kurth. J. Math. & Mech., 
Jan., 1958, pp. 29-41. In German. Theoretical 
investigation of the initial-value problem of 
static mechanics. It is shown that the basic 
equation has at given initial conditions a solution 
depending continuously on the initial condition, 
and that it can be calculated by means of suc- 
cessive approximations. 


Meteorology 


The Scale of Atmospheric Motions and the Ef- 
fect of Pag pd on Numerical Weather Pre- 
diction in the Lower Atmosphere. K. Gambo. 
Papers in Meteorology & Geophys., Apr., 1957, pp. 
1-24. 15 refs. Comparison of the old and new 
method for treating the equations of motion, 
based on the geoscopic and nongeoscopic approxi- 
mations, respectively. 

Profil’ Vetrovykh Voln i ego Zapis’ na Prirod- 
nykh Volnografakh. V. . Shuleikin. AN 
SSSR Dokl., Aug. 11, 1957, pp. 915-918. In 
Russian. Discussion covering the determination 
of wind-wave profiles and means of recording 
them, as well as comparison of results obtained 
from sea wave measurements. 

Technical Improvements of the Kubota-Kuri- 
hara’s Method of Integration of the Vorticity 
Equation. S. Kubota. Papers in Meteorology & 
Geophys., Apr., 1957, pp. 65-80. Development of 
improvements covering the enlargement of fore- 
casting area, the increase of wave numbers 
adopted in calculation, the use of relaxation 
matrices, and the smoothing process. 


Military Aviation & Armament 
Relationships Between Weapons and Logistics 


Expenditures. Murray A. Geisler. Nav. Res. 
Logistics Quart., Dec., 1957, pp. 335-346. De- 


scription of some of the concepts involved in 
relating weapons to logistics expenditures. Prin- 
ciples of finding optimum or improved alloca- 
tions of budget funds between maintenance and 
supply support, and between the sum of the two 
and additional weapons, are presented. 


An Application of Game Theory to a 
Weapons Evaluation. J. K. Hale and H. 
Wicke. Nav. Res. Logistics Quart., Dec., i957, 
pp. 347-356. Presentation of a method for com- 
bining the techniques of classical Lanchester 
theory of combat with those of game theory for 
selecting optimal strategies in special weapons 
combat. An application to the case in which 
only the defender has atomic weapons is given. 


Balance and Stability in Competitive Situa- 
tions. Hans E. Quenzer. Oper. Res., Dec., 
1957, pp. 830-840. Presentation of a simple 
method for analyzing competitive situations 
quantitatively. A stability diagram is developed 
which can be defined by three types of input 
data: disposable resources, defense function, 
and critical damage. 


Inadequacy of Cost per ‘‘Kill’’ as Measure of 
Effectiveness. John E. Walsh. Oper. Res., 
Dec., 1957, pp. 750-764. Analysis in which a 
simplified mathematical model is developed to 
represent the actions and outcomes of an enemy 
attack against a defense system. The model 
permits partial analytical treatment of moder- 
ately complicated attack-defense situations. 


Anti-ICBM—Myth or Method; Formidable 
Technical Problems Confront Defense System. 
Missile Des. & Devel., Jan., 1958, pp. 11-14. 
Study of the many problems associated with 
ICBM destruction. Discussion includes detec- 
tion considerations, characteristics of ICBM 
flight, decoys to prevent detection, and meth- 
ods for destroying the nose cone. 


Missiles 


The Missile Picture. H. D. Bissell. Project 
Engr., Jan., 1958, pp. 2-7. Description of some 
missile types and their control systems. 


An Evaluation of Russia’s Missile Program. 
Richard E. Stockwell. Auto. Ind., Jan. 1, 1958, 
pp. 103, 104. Brief discussion of the types of 
Russian missiles and the satellite project. 


The Effect of Various Missile Chnsetiostatieg 
on Airframe Frequency Response. Howard F 
Matthews and Walter E. McNeill. U-.S., NACA 
RM AS51!1LI7a, Jan. 7, 1952. 16 pp. Presenta- 
tion of plots of amplitude ratio and phase angle 
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as a function of angular frequency showing the 
effects of the importance, accuracy, and the non- 
linearity on certain aerodynamic derivatives. 
Altitude and Mach Number variations, together 
with aeroelasticity effects, are also discussed. 


On Optimum Nose Curves for Superaerody- 
namic issiles. H. S. Tan. J. Aero. Sct., 
Apr., 1958, pp. 263, 264. Comparison of the 
optimum missile-noise curve for the superaero- 
dynamic regime obtained under the assumption of 
regular molecular reflection, with the optimum 
curve for the hypersonic regime derived accord- 
ing to Newtonian slip flow. 

Factors Affecting Selection of Missile Auxiliary 
Power. Paul C. Ricks. SAE J., Jan., 1958, 
pp. 38-40. Discussion in terms of the following 
considerations: (1) weight vs. fuel consumption, 
(2) electrical system requirements, (3) hydraulic 
demands, (4) turbine diameter and shaft speed, 
and (5) solid vs. liquid propellants. 

Special Issue: Electronics and Guidance. 
Missiles & Rockets, Feb., 1958, pp. 77-133. 
Partial Contents: 1958 Missile Guidance Roundup, 
Heyward E. Canney, Jr. How Industry Solved 
the Air-Bearing Gyro Stabilization Problem, 
John P. Jagy. Industry Strives for Missile Te- 
lemetry Economy, John Kinkle. Workhorse of 
Inertial Guidance, Earl Finkle. Industry's 
Answer to the Data-Processing Challenge, H. H. 
Rosen. Challenge to Industry: Spaceship Te- 
lemetry, Henry P. Steier. Spin-Stabilizing the 
Jupiter-C. Power Packages for Medium-Sized 
Missiles, A. E. Maine and E. Wall. Redstone/ 
Jupiter Guidance Share Production Line. Track- 
ing Long-Range Missiles, Raymond M. Nolan. 
Designing for Simplicity, Edward S. Shepard. 

The Notorious Unreliability of Complex a4 
ment. Robert Lusser. Astronautics, Feb., 1958, 
pp. 26, 27, 74, 76, 78. Discussion of the ‘design 
and manufacturing reliability of aircraft com- 
ponents, with emphasis on means for keeping 
missile reliability at specified levels. 


Target Simulator Tests Beam-Rider Missiles. 
G. E. Hendrix. Electronics, Jan. 31, 1958, pp. 
32-35. General and operational characteristics 
of a simulator which eliminates test drones in 
evaluating missile performance. 


Guided Missile Field Test Engineering. 
Byram A. Bunch and an T. White. Sperry 
Eng. Rev., Nov.-Dec., 1957, pp. 2-7. Discussion 
of the organization and functions of a field test 

ce Stabilization of Small patties Systems 
or issile Guidance. P. A. Lapp. Ind. Aero- 
nautics, Jan., 1958, pp. 10-15. Discussion of the 
problem of tracking a target in space from a 
moving base, including open-loop, closed-loop, 
and direct stabilization. 

Special Ti Techniques Employed on 
Guided Missile nges. R. J. Garvey. Elec. 
Eng., Jan., 1958, pp. 2-9. Description of a 
timer and of the method of transmitting the time 
pulses to the remote stations. 


Ground Support Equ: uipment; Key to Inter- 
continental Ballistic Missile. Missile Des. & 
Devel., Jan., 1958, pp. 16-18. Discussion of de- 
sign considerations in developing equipment to 
check the operability of the missile in order to 
keep it in a state of launching readiness, to 
prepare it for launching, and to execute the 
countdown. 


Automatic Control of Ground Instrumentation 
During the Launching and Flight of Experimental 
Guided Missiles. R. J. Garvey. Electronic 
Eng., Feb., 1958, pp. 54-60. Discussion of a 
unit which switches control and recording equip- 
ment on and off automatically to a pre-arranged 
program set up for the particular missile. The 
switching is effected by two uniselectors control- 
ling output relays according to time settings on a 
selector board. 


Navigation 


Geometric, Analytic and yee Ap- 
proaches to Inertial Guidance Desi cS 7 
Mundo. ARMA Enzg., Dec., 1957_-Jan., 1958, 
pp. 10-13. 


A Gravity-Seeking Position Indicator. Vic- 
tor W. Bolie. Navigation, Winter, 1957-1958, 
pp. 397-400. Presentation of some of the funda- 
mental principles of a device not requiring the 
use of axis-conversion computations; it is in- 
tended for any celestial or inertial reference 
system, such as a three-axis gyro package, a dual 
telescope tracker of radiant energy from galactic 
sources, or any suitable telescope and gyro com- 
bination. 


The True Distance and Azimuth Computer for 
Polar Navigation. Sheridan L. Hall. Naviga- 
tion, Winter, 1957-1958, pp. 385-389. General 
characteristics and performance of the computer, 
which is a simple manual device adopting the 
Polar Gnomonic Projection to practical naviga- 
tion. 


Special Issue: The Avoidance of a by 
Airborne and Shipborne Means. II. Inst. 
Navigation J., Jan., 1958, pp. 14-80. Partial 
Contents; A History ot the Air Collision Problem, 
E. Roessger. The Mathematics of Collision 
Avoidance in the Air, J. S. Morrel. The Effect 
of Blunders on Collision Risk Calculations, J. B. 
Parker. The Limitations of Air’ Traffic Control 
in the Prevention of Collisions, D. O. Fraser. 
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Visual and Electronic Methods of Avoiding 
Collision, P. Gaudillére. Collision and the Air- 
lines, Karl E. Karwath. Air Traffic Control and 
the Relative Position Indicator, R. Butler. 
American Thinking on the Collision Problem, 
Frank C. White. Physiological Factors in the 
Avoidance of Air Collision, G. F. J. Perdriel. 
The Psychological Aspects of Air Collision, A. 
Missenard. 


Electronic Aids 


Special Issue: TACAN Data Link; Automatic 
Transmission of Information Between Aircraft 
and Surface. Elec. Commun., Sept., 1957, pp. 
151-275. 25 refs. Partial Contents: Electronic 
System in Air-Traffic Control, Peter C. Sandretto. 
Background and Principles of TACAN Data 
Link, Ben Alexander and Robert C. Renick. 
History of TACAN Data Link, Robert I. Colin. 

ACAN Data Link for Common-System Air- 
Traffic Control, Murray Block. VORTAC Data 
Link, Robert C. Renick. Operation of AN/ 
URN-6 Data-Link Surface Equipment, John F. 
Sullivan. Input and Output Facilities of Data- 
Link Surface Equipment, George W. Reich, Jr., 
and Harold J. Mills. Standardization of Circuits 
for Data-Link Surface Equipment, Harold J. 
Mills and Fred L. Van Steen. Airborne TACAN 
Data-Link Equipment AN/ARN-26, Edmund R. 
Altonji. Techniques Developed for Airborne 
TACAN Data Link, Edmund R. Altonji, Edward 
A. Kunkel, Harry G. Whitehead, and Richard 
Mead. Data-Link Airborne Instrumentation, 
Michael A. Argentieri and Francis E. Lind. 
Evaluator and Trainer for TACAN Data Link, 
William B. Sudduth and John F. Sullivan. 


Desi, of a Transportable TACAN Facility, 
AN/TRN-6. Donald Fehr. USAF RADC 
TR 57-137 [AD 131225], Dec., 1957. 25 pp. 


Navigator AN/APN-67. A. Condie. IRE 
Trans., ANE Ser., Dec., 1987, pp. 197-201. 


The AN/ASN-9: A Compact, Minimum- 
Weight DR Navigational Computer. J. J. 
Insalago and F. M. Kirr. JRE Trans., ANE 
Ser., Dec., 1957, pp. 212-216. Description of 
the device, including some of the techniques em- 
ployed in achieving its small size, and its applica- 
tion. 

The AN/APN-81 Doppler Navigation System. 
Frank A. McMahon. JRE Trans., ANE Ser 
Dec., 1957, pp. 202-211. Explanation of the 
techniques employed in the measurement of 
ground speed and drift angle. The beam pat- 
tern is described, and major parameters are 
given. The transmitter, receiver, frequency 
tracker, and wind computer functions are ex- 
plained. 


Principles and Performance Analysis of Dop- 
pler Navigation Systems. Walter R. Fried. 
IRE Trans., ANE Ser., Dec., 1957, pp. 176-196. 
Brief pvr na of Doppler radar theory and of 
the characteristics and capabilities of existing 
equipment. 


The Design of Airborne Doppler Velocity Meas- 
uring Systems. F. B. Berger. IRE Trans., 
A Ser., Dec., 1957, pp. 157-175. 13 refs. 
U SAF-Navy sponsored discussion of the basic 
requirements for obtaining a usable signal for 
practical systems, which include achieving req- 
uisite coherence, fulfilling certain signal-to- 
noise criteria, and maintaining known functional 
relationships between measured Doppler fre- 
quencies and aircraft velocity. 


Operational Requirements for a Collision Warn- 
ing System. Eduardo I. Pina and Henry J. 
Landau. Oper. Res., Dec., 1957, pp. 794-814. 
Derivation of equations which permit equipment 
resolution requirements to be established as a 
function of the radius of a safety sphere around 
an aircraft, relative velocity, required warning 
re and range at which the measurement is 
taken 


Trends in Commercial Air Navigation. N. 
Stoddart. Can. Aero. J., Jan., 1958, pp. 18.20. 
Definition of present day navigation, including 
the actual facilities available to the flight crew, 
and description of some new devices. 


Appl lying Air Space Navigation to the Prob- 
lem of Preventing Aircraft Collisions. M. P. 
Milliken. Navigation, Winter, 1957-1958, pp. 
408-417. Description of an air-space navigation 
system which would reduce the probability of mid- 
air collision of aircraft 80 to 90 per cent, varying 
with the parameters built into the special flight 
instrument required. 


Nuclear Energy 


The Oxidative Degradation 
cules. Harold C. Beachell. ADC 
TR 57-406 [AD 130854], June, 1987 aby 29 


refs 


Radiolysis and Radiolytic Oxidation of Lubri- 
cants. R. O. Bolt and J. G. Carroll. Ind. & 
Eng. Chem., Feb., 1958, pp. 221-228. 19 refs. 
Survey of irradiation tests made on lubricants. 


Radiation Damage in Lubricating Greases. 
B. W. Hotten and J. G. Carroll. Ind. & Eng. 
Chem., Feb., 1958, pp. 217-220. 10 refs. Study 
indicating that radiation damage can be re- 
duced by using synthetic aromatic compounds 
instead of conventional gelling agents and oils. 


Designing for the Nuclear Environment. 
John W. Clarke. Av. Age, Feb., 1958, pp. 95-99. 
Presentation of some design rules among which 
are the avoidance of the use of organic plastics, 
silicones, semiconductors, high impedance cir- 
cuits, and the close spacing of conductors between 
which a high voltage gradient may exist. 

Aircraft Shield Test Reactor. J. C. Nance 
and L. W. Perry. Nucleonics, Jan., 1958, pp. 
58-61, cutaway drawing. Discussion of general 
characteristics and performance of the device. 


Parachutes 


A Study of the Effect of Temperature on Para- 
chute Textile Materials. James W. Muse, Jr. 
USAF WADC TR 54-117, July, 1954. 41 pp. 
Investigation on the effect of oxygen, nitrogen, 
and compressed air on nylon and Dacron mate- 
rials at various temperatures. 


Photography 


Photogrammetry is Looking Up; The Use of 
Stellar Photographs in an Aerial Photogram- 
metric Application. Leon N. Zechiel. hoto- 
grammetric Eng., Dec., 1957, pp. 878, 879. 
WADC-sponsored study, including a discussion 
of the application of stellar photography to the 
measurement of aircraft orientation (roll, pitch, 
and heading) in order to determine aircraft alti- 
tude and heading information. 


Calibration of Airborne Cameras. Francis E, 
Washer. Photogrammetric Eng., Dec., 1957, 
pp. 890, 891. Investigation indicating the dis- 
advantage of using a camera which shows an ex- 
cessive amount of prism effect for precise photo- 
grammetric mapping. 

Measurement of Vertical Heights from Single 
Oblique Aerial Photographs. Sylvester P. Gay, 
Jr. Photogrammetric Eng., Dec., 1957, pp. 900- 
908. Presentation of nomographic methods for 
indirect measurement of vertical heights from 
images appearing on single-oblique aerial photo- 
graphs, 

The Precise Determination of the Relative 
Orientation Between Two Photographs Taken 
at a Single Exposure Station, and a Measure of 
its Accuracy. George H. Rosenfield. Photo- 
grammetric Eng., Dec., 1957, pp. 948-952. 

Cross-Bases Method in Aerial Triangulation. 
H. M. Karara. Photogrammetric Eng., Dec., 
1957, pp. 953-956. Discussion of a method suit- 
able for regions without geodetic foundations, 
The terrestrial elements necessary for the tri- 
angulation and compensation of the aerial strip 
are kept to a minimum. 


Experiments in the Use of Color Aerial Photo- 
graphs for Geologic Study. B.H. Kent. Photo- 
grammetric Eng., Dec., 1957, pp. 865-868. 


Quantitative Evaluation of Photo Interpreta- 
tion Keys. R. De Lancie, W. W. Steen, R. E. 
Pippin, and A. Shapiro. Photogrammetric Eng., 
Dec., 1957, pp. 858-864. Study to determine the 
relative effectiveness of several types of photo 
interpretation keys. 


Physics 


Causality and the Dispersion Relation: S- 
Matrix for Klein-Gordon and Dirac Fields. 
James M. Knight and John S. Toll. Ann. Phys., 
Jan., 1958, pp. 49-66. 10 refs. OSR-sponsored 
research. 


Ob Odnom Metode Vychisleniia Kvantovykh 
Funktsii Raspredeleniia. . §S. Stratonovich. 
AN SSSR Dokl., Aug. 21, 1957, pp. 1,097—1,100 
In Russian. Development of a method for the 
calculation of quantum distribution functions 
whose relationship is derived in a form similar 
to that of the theoretical results for diffusion func- 
tions, 


Problema Prochnosti Tverdykh Tel. S. N. 
Zhurkov. AN SSSR Vestnik, Nov., 1957, pp. 
78-82. In Russian. Discussion covering the 
problem of strength of solid bodies. 


The Waveforms of Atmospherics and the 
Propagation of Very Low “gy yy 4 Radio Waves. 
J. Chapman. J. Atmos. Terrestrial Phys., 
No. 3/4, 1957, pp. 223-236. 25 refs. Experi- 
mental observations on atmospherics by several 
techniques show that the results obtained for 
wave forms and for frequency spectra can be 
interrelated. The frequency spectrum of the 
electromagnetic disturbance at the source is con- 
sidered, and appreciable differences between in- 
dividual flashes are proved. 


The Structure of Our Space. V. Hlavaty. 
Sect., Oct. 11, 1957.) Aero. 
Eng. Rev., 1958, pp. 25-29. Discussion of 
the problem _ ee on two points of view: ge- 
ometry and relativity. 


Ona Non-Symmetric Theory of the Pure Gravi- 
tational Field. D. W. Sciama. Cambridge 
Philos. Soc. Proc., Jan., 1958, pp. 72-80. 19 refs. 
Derivation of field equations and study of Rosen- 
feld identities, Bianchi identities, angular mo- 
mentum, and equations of motion of test par- 
ticles. 


Random Notes on Inertial Space. Paul H. 
Savet. ARMA Eng., Dec., 1957—Jan., 1958, pp. 
14-16. Discussion of inertial space in terms of 
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high performance heat exchangers 


Janitrol rides the 1000+ mph Arrow 


Canada’s newest interceptor, the Avro CF-105 Arrow, flies 
fast enough to generate a high skin temperature, yet the 
pilot and radar-navigator remain comfortable, reliably cooled 
by a refrigeration system capable of producing twenty-three 
tons of ice a day. 

A Janitrol platular* heat exchanger performs the evap- 
orative cooling function in the air conditioning system. For 
space-cramped jets, these heat exchangers combine the effi- 
ciency of the plate with the strength of the tube, in a light- 
weight package tailored to fit almost any small space. 


couplings and supports 


Pressure seal for the tempered glass canopy is maintained 
by a Janitrol pneumatic control . . . Janitrol bleed air duct 
couplings and supports are used to save weight. 

Extensive new Janitrol development and test facilities pro- 
vide assurance in advance of reliability in aircraft and 
missile components. When you talk heat exchangers, air 
controls, duct couplings, duct supports, and combustion 
equipment, call your Janitrol representative. 

Janitrol Aircraft Division, Surface Combustion Corp., 
Columbus 16, Ohio. 


* Trademark of Surface Combustion Corp. 
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Jo the talented 
engineer and scientist 
| APL OFFERS 
GREATER FREEDOM 
| OF ACTIVITY 


APL has responsibility for the technical direction 
of much of the guided missile program of the 
Navy Bureau of Ordnance. As a result staff mem- 
bers participate in assignments of challenging 
scope that range from basic research to prototype 
testing of weapons and weapons systems. 

A high degree of freedom of action enables 
APL staff members to give free rein to their 
talents and ideas. Thus, professional advance- 
ment and opportunities to accept program re- 
sponsibility come rapidly. Promotion is rapid, 
too, because of our policy of placing professional 
technical men at all levels of supervision. 

APL’s past accomplishments include: the first 
ramjet engine, the Aerobee high altitude rocket, 
the supersonic Terrier, Tartar, and Talos missiles. 
Presently the Laboratory is engaged in solving 
complex and advanced problems leading to future 
weapons and weapons systems vital to the na- 
tional security. Interested engineers and physi- 
cists are invited to address inquiries to: 


Professional Staff Appointments 


The Johns Hopkins University 
Applied r hysics Laboratory 


8605 Georgia Avenue, Silver Spring, Maryland 


Foucault's theory and Newton's theory vs 
Berkeley's theory. It is concluded that the earth 
has lost its importance as a reference in space and 
that inertial phenomena are essentially of a 
cosmological nature. 


The Electron Content of the Ionosphere. 

V. Evans. J. Atmos. & Terrestrial Phys., 
No. 3/4, 1957, pp. 259-271. 16 refs. Discussion 
of the relevant features of the magneto-ionic ef- 
fect in the earth’s atmosphere. 


Relation Between Virtual and Actual Heights 
in the Ionosphere. G. A. M. King. J. Atmos. & 
Terrestrial Phys., No. 3/4, 1957, pp. 209-222. 
40 refs. Discussion of the integral method for 
deducing the ‘‘true’’ heights from virtual heights, 
from the viewpoint of the derived height-fre- 
quency curve and step procedure. 

The Origin of the Ionospheric Irregularities 
Responsible for Radio-Star Scintillations and 
Spread-F. I—Review of Existing Theories. II 
—Turbulent Motion in the Dynamo Region. i. 
Dagg. J. Atmos. & Terrestrial Phys., No. 3/4, 
1957, pp. 133-150. 45 refs. Review of existing 
theories on ionospheric irregularities and dis- 
cussion of the turbulent motion in the dynamo 
region. 

The Effect of Fading on the Accuracy of Meas- 
urement of Ionospheric Absorption. Appendix— 
Determination of Level Exceeded for a Given 
Percentage of the Time for Fading Echoes Obey- 
ing a Rice Distribution of Amplitudes. R. 
Meadows and A. J. G. Moorat. (JEE Paper 
2428 R.) IEE Proc., Pt. B, Jan., 1958, pp. 27-32. 
10 refs. Investigation showing that the picdlirsy 
tions due to slow fading are so large that the 
accuracy of assuming the absorption value by 
taking the mean of a number of rapid observa- 
tions increases very slowly with the number of 
measurements. 


The Effect of the Earth’s Magnetic Field on 
sens for a Single-Hop Ionospheric Path. 
. Meadows and A. J. G. Moorat. (IEE 
om 2429 R.) IEE Proc., Pt. B, Jan., 1958, pp. 
33-37. 13 refs. Calculation of the absorption 
along a vertical and an oblique path reflected 
in the E-region for various ionization distribu- 
tions, using Millington’s form of Booker’s ray 
theory. 


Effect of Refraction and Electric Parameters of 
the Earth on the Propagation of Electromagnetic 
Waves in a Diffractive Region. P. Szulkin. 
Acad. Pol. Sci. Bul., No. 5, 1957, pp. 295-300. 
Mathematical inv estigation using the method of 
dimensional analysis. 


Radio Reflections from Aurorae. III—The 
Association with Geomagnetic Phenomena. K. 
Bullough, T. W. Davidson, T. R. Kaiser, and 
C. D. Watkins. J. Atmos. & Terrestrial Phys., 
No. 3/4, 1957, pp. 237-254. 15 refs. Study of 
the radio-echo observations of auroral ionization, 
made on a frequency of 72 mc./sec. 


Measurements of the Absolute Intensity of 
the Aurora and Night Airglow in the 0.9-2.0 u 
Region. A. W. Harrison and A. Vallance Jones. 
J. Atmos. & Terrestrial Phys., No. 3/4, 1957, 
pp. 192-199. 20 refs. USAF-supported in- 
vestigation by means of a spectrometer employ- 
ing a PbS cell detector. Results show that the 
relative intensities are in reasonable agreement 
with the calculations of Heaps and Herzberg. 


Diurnal Absorption in the D-Regien. J. W. 
Warwick and H. Zirin. J. Atmos. & Terrestrial 
Phys., No. 3/4, 1957, pp. 187-191. saan of 
the diurnal variation of cosmic noise at a fre- 
quency of 18 me./sec., and derivation of the 
electron density as a function of local time and 
height in the D-region and of a one-parameter, 
exponential approximation to the vertical dis- 
tribution of the ionizable constituent, nitri¢ 
oxide. 


A Critical Discussion About Special Iono- 
spheric Characteristics. Rudolf Eyfrig. J. Al- 
mos. & Terrestrial Phys., No. 3/4, 1957, pp. 163- 
176. Presentation of a series of examples which 
prove that the present measuremenis of the char- 
acteristic (M3000)F2 have an unambiguous 
relation with change of the solar activity, but 
only for limited regions on the earth, and that M 
values are partly insufficient and too contradic- 
tory to justify a worldwide examination. 


Calculation of Group Indices and Group 
Heights at Low Frequencies. J. J. Gibbons and 
B. Ramachandra Rao. J. Atmos. & Terrestrial 
Phys., No. 3/4, 1957, pp. 151-162. USAF- 
supported development of a method for the 
calculation of group heights, including collision 
effects, for any given electron density profile 
and for frequencies below 1 mc. 


Otsenka Uslovnogo Koeffitsienta Tempera- 
turoprovodnosti pri Modelirovanii Atmospher- 
nykh Protsessov. A. A. Dmitriev. AN SSSR 
Dokl., Aug. 21, 1957, pp. 1,104—-1,106. In Rus- 
sian. Evaluation of a pont conventional 
coefficient of temperature conductivity in the 
modeling of atmospheric processes. 


On Possible Realizations of Mach’s Program. 
F. A. Kaempffer. Can. J. Phys., Feb., 1958, 

pp. 151-159. Discussion of Mach’s program with 
the intent of taking all inertial effects as being 
caused by gravitational interaction. Within the 
framework of a simplified theory of gravitation, 
based upon Hund’s and Sciama’s ideas, primitive 
cosmological models are inverted for which 
Mach’s program can be realized. 
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... Because MENASCO COULD MEET OR EXCEED ALL 
REQUIREMENTS FOR CARRIER JET LANDING GEAR 


NorTH AMERICAN FJ series were the first Jet MENASCO was chosen to design and manufac- 
fighters to be qualified aboard aircraft carriers. ture the prototype landing gear and has supplied 
The latest FJ-4 Fury Jet carrier-based fighters are gear for all of the FJ series airplanes. The proper 
capable of speeds in excess of 600 knots with a combination and application of lightweight mate- 
service ceiling in excess of 45,000 feet. They have rials and the exclusive Uniwelding process have 
a high rate of climb, and may also serve as carriers provided landing gear of great strength, compact- 
of special externally stored weapons. ness and ruggedness. 


: 


first in development, quality, delivery and service 


menasco manufacturing company 


BURBANK, CALIFORNIA * FORT WORTH, TEXAS 
SPECIALISTS IN AIRCRAFT LANDING GEAR 
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THE 
ELEMENT 
OF 

ENVIRONMENT 


and the System-Oriented Engineer 


To one looking beyond the four walls of his office, environment 
might be defined as the sum of (1) work responsibilities and 
(2) colleague personalities. 


The system-oriented engineers we seek could not fail to be 


stimulated by (1) work involving study of the multitude of inter- 
actions possible among advanced aircraft, missiles, and electronic 
devices with each other and with human elements in the nation’s 


most extensive man-computer system, and by (2) colleagues with 


considerable attainments in systems engineering, behavioral science 
and computing. 

To qualify, substantial experience with air-to-air or ground- 
to-air missile systems is required together with demonstrated apti- 
tude in the field of system planning. You are invited to write for 
more information or phone collect. Address R. W. Frost, System 
Development Corporation, 2426 Colorado Avenue, Santa Monica, 
California; phone EXbrook 3-9411. 


SYSTEM DEVELOPMENT CORPORATION 


An independent nonprofit organization, formerly a division of the Rand Corporation 
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Energy Loss of a Charged Particle Passing 
Through a Laminar Dielectric. I. Ia. B. Fain- 
berg and N. A. Khizhniak. (Zhurnal Exper. i 
Teoret. Fiz., Apr., 1957, pp. 883-895.) Sov. 
Phys.-JETP, Nov., 1957, pp. 720-729. 13 refs. 
Translation. Derivation of a general expression 
for energy losses in the case in which the par- 
ticle moves in an unbounded laminar medium 
or in a waveguide field with a laminar dielectric. 

Magnetism in Materials. I—The Physical 
Basis of Dia-, Para-, Ferro- and Ferri-Magne- 
tism. D. H. Martin. Wéreless World, Jan., 
1958, pp. 28-30. Discussion of the conditions 
leading to the useful ferromagnetic phenomenon, 
and illustration of magnetic behavior in terms 
of a few basic ideas, including some practical ap- 
plications. 

A Variational Calculation of the Equilibrium 
Properties of a Classical Plasma. S. F. Edwards. 
Philos. Mag., 8th Ser., Feb., 1958, pp. 119-124. 
Study using a method which avoids redundant 
variables and allows for cross terms between col- 
lective and individual oscillation modes. A 
relation is given for the shielding distance in 
terms of the Debye-Hiickel radius and the inter- 
particle distance. 

Superfluids. K. Mendelssohn. Science, Jan. 
31, 1958, pp. 215-221. Discussion of super- 
conductivity, thermal effects, film flow, entropy, 
momentum, and position. 


Hydrodynamics of Solutions of Two Superfiuid 
Liquids. I. M. Khalatnikov. (Zhurnal Exper. i 
Teoret. Fiz., Apr., 1957, pp. 653-657.) Sov, 
Phys.-JETP, Nov., 1957, pp. 542-545. Transla- 
tion. Derivation of three-velocity equations 
from conservation laws and from the principle 
of the potential character of the superfluid 
motion. 

The Viscosity of Five Gases. J. Kestin and 
H. E. Wang. (ASME Annual Meeting, New 
York, Nov. 25-30, 1956.) ASME Trans., 
1958, pp. 11-17; Discussion, p. 17. 29 refs. 
Reevaluation, based on an improved theory of the 
oscillating-disk viscometer, of the pressure de- 
pendence of viscosity obtained byPilarczyk and 
described by Kestin and Pilarczyk. 


Theoretical and Experimental Studies of Liquid 
Viscosity. F. C. Collins USAF WADC TR 
er [AD 130871], July, 1957. 31 pp. 44 
refs. 


Power Plants 


Jet & Turbine 


NACA Research on Combustors for Aircraft 
Gas Turbines. I—Effect of Operating Variables 
on Steady-State Performance. Walter T. Olson 
and J. Howard Childs. U.S., NACA RM E50- 
H31, Oct. 18,1950. 55 pp. 18 refs. 


Vapor-Fuel-Distribution Effects on Combus- 
tion Performance of a Single Tubular Combustor. 
Richard J. McCafferty. U.S.. NACA RM 
E50J03, Dec. 13, 1950. 27 pp. Experimental 
investigation of the relative importance of vari- 
ous factors affecting the altitude performance of 
aircraft turbine-engine combustors. 


Effect of Water Vapor on Combustien of 
Magnesium-Hydrocarbon Slurry Fuels in Small- 
Scale Afterburner. Appendix A, B—Thermo- 
dynamic Properties of Afterburner-Inlet Mixtures 
and Products of Combustion. Appendix C— 
Reduction of Data from 6-inch Small-Scale After- 
burner. Appendix D—Computation of Thrust 
Augmentation for Turbojet Engines. Leonard 
K. Tower. U.S... NACA RM E52H25, Oct. 22, 
1952. 39 pp. 17 refs. Results showing that 
combustion of the slurry is stable to the highest 
water-air ratio investigated, 0.18, whereas JP-3 
fuel will not burn beyond a water-air ratio of 


0.08. 


Liquid-Fuel-Distribution and Fuel-State Ef- 
fects on Combustion Performance of a Single 
Tubular Combustor. Richard J. McCafferty. 
U.S., NACA RM E51B21, May 1, 1951. 38'pp. 
Investigation using the MIL-F-5624 fuel to deter- 
mine altitude operational limits, attendant com- 
bustion efficiencies, and the effects of combustor 
inlet-air variables on combustion efficiency. 


Low-Pressure Performance of Experimenta 
Prevaporizing Tubular Combustor Using Approxi- 
mately Stoichiometric Admission of Fuel-Air 
Mixture Into the Primary Zone. Robert R. 
Hibbard, Allen J. Metzler, and Wilfred E. Scull. 
U.S., NACA RM E54F25a, Aug. 19, 1954. 38 
pp. 10 refs. Development and testing of the 
combustor under conditions simulating high- 
altitude flight. 


Altitude Performance Investigation of Single- 
and Double-Annular Turbojet-Engine Combus- 
tors with Various Size Fuel Nozzles. James J. 
Harp, Jr., and Kenneth R. Vincent. U.S., 
NACA RM E51L14, June 9, 1952. 60 pp. 
Experimental results indicate that the most sig- 
nificant advantages of the single-annular com- 
bustor are improved turbine-discharge tempera- 
ture profile and combustion efficiency. 


Preliminary Investigation of an Annular Turbo- 
jet Combustor Having a Catalytic-Coated Liner. 
Carl T. Norgren and J. Howard Childs. U-.S., 
NACA RM E53L07, Jan. 27, 1954, 11 pp. 
Test results indicate no gain in combustion ef- 
ficiency through the use of a catalytic coating. 
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a It’s what you don’t see in the aircraft ball bearings produced by New Departure 

ingle that makes these products outstanding. 

pe ' Invisible are the years of experience . . . the accumulated knowledge of 

— materials, metallurgy, design and precision manufacturing methods. These are 
the hidden elements that make New Departure the preferred source for bearings 

— that must be right—for bearings that have to meet many exacting specifications 

_— such as load capacity, endurance, speed, accuracy and temperature. 

ae For the unseen factors in bearings that help make American aircraft tops in 

hight the world, look to New eh signi where experienced bearing engineering 

alll assistance is at your service, too. 
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Turbojet Combustor Efficiency at High Alti- 
tudes. Walter T. Olson, J. Howard Childs, and 
Edmund R. Jonash. U.S., NACA RM E50107, 
Oct. 27,1950. 5lpp. 41 refs. 


Review of High-Performance Axial-Flow- 
Compressor Blade-Element Theory. Seymour 
Lieblein. U.S.. NACA RM E53L22, Apr. 6, 
1954. 34 pp. 20 refs. Survey with emphasis 
on the transonic high-performance compressor 
A discussion of the significant parameters of 
total-pressure loss and deviation angle is pre 
sented, and an indication of the extent of avail- 
able knowledge is given along with problems in 
volved in the determination of blade-element 
characteristics. 


Application of Servomechanism Analysis to Fuel 
Control Problems. J. O. N. Lawrence and 
Z . (IME Gen. Meeting, London, Feb 
14, 1957.) Chartered Mech. Engr., Jan., 1958, 
pp. 10-12. Abridged. Analysis of closed loop 
instabilities in jet engine fuel controls in order to 
predict such instabilities and to minimize them 
without upsetting or changing the design of the 
control system. 


Two Small American Turboshaft Engines. 
Flight, Jan. 17, 1958, pp. 79-83. Design and 
pertormance characteristics of Lycoming and 
General Electric jet engines. 


Rolls-Royce Avon 200 Series. James Hay 
evens. Aircraft (Canada), Jan., 1958, pp 18D, 
20, 24, 65. Presentation of design history, 
characteristics, and systems opera 
_ of the engine for Comet and Caravelle air 
iners. 


Computer Used to Survey Surge Line. D. W. 
Petersen. SAE J., Jan., 1958, pp. 33-35. 


Bigger and Better Turbojets. J. M. Stephen- 
son. Flight, Jan. 3, 1958, pp. 19, 20. Discus- 
sion of the dangers of applying the ‘‘square cube 
law’’ in turbojets of the future. 


Pneumatic Jet Nozzle Control. J. M. Stephen- 
son. Aircraft Eng., Feb., 1958, pp. 44, 45. Dis 
cussion of the modulation of a turbojet propelling 
nozzle by controlling the ratio across the turbine 
stages. 


Investigation of 70 Percent Trimethyl Borate— 
30 Percent Methyl Alcohol Fuel Mixture in a 
J33 Combustor in a J33 Turbojet 

Engine. Louis J. Schafer, Jr.. and Robert O. 
Hickel. U.S., NACA RM_ E53C. 24, Jan. 23, 
1957. 26 pp. Test results indicate that, in the 
single combustor, use of the trimethyl! borate fuel 
results in excessive boric oxide deposits in the 
areas surrounding the air entry holes in the 
combustor liner; in the turbojet engine the boric 
oxide deposits are excessive and most severe on 
the combustor domes and liners, in the tailcone 
and tailpipe, and on cooling-air passage outlet 
screens. 


Altitude Performance and Operational Char- 
acteristics of an XT38-A-2 Engine. 
R. H. Essig and F. W. Schulze NACA 
RM E53L18a, Mar. 12, 1954. 43 pp. Wind- 
tunnel investigation under simulated flight condi- 
tions ranged from altitudes of 5,000 to 45,000 ft. 
at a flight Mach Number of 0.30, and from Mach 
nee of 0.301 to 0.557 at an altitude of 35,000 


A Method of Performance Estimation for Axial- 
Flow Turbines. Appendix I, II—Example of a 
Turbine Performance Estimation. Appendix III 

-Interpolation of Constant-Speed Characteris- 
tics. D. G. Ainley and G. C. R. Mathieson. 
Gt. Brit, ARC R&M 2974 (Dec., 1951) 1957. 
30 pp. BIS, New York, $1.62. 


Experimental Investigation of Modified Cast- 
Cored Blades Having Hollow Tip Sections. 
Robert E. Oldrieve and John C. Freche. U.S 
NACA RM E57C15, June 3, 1957. 36 pp. 17 
refs. A study conducted in a turbojet engine 
modified for air-cooling shows that the 37-hole 
blade cools more effectively than the 20-hole 
blade and has a lower cooling-air drop. 


Issledovanie Effektivnosti Korotkikh Turbin- 
nykh Lopatok. M. K. Maksutova and V. N. 
Zanadvorova. Teploenergetika, Jan., 1958, pp. 
31-33. In Russian. Application of the static 
test method to the investigation of the effect of 
blade length and profile chord on the grid ef- 
ficiency at various radial gaps. 


Fabrication Techniques and Heat-Transfer 
Results for Cast-Cored Air-Cooled Turbine 
Blades. John C. Freche and Robert E. Oldrieve. 
U.S., NACA RM E56CO6, June 22, 1956. 35 pp. 
22 refs. Development of production techniques 
which eliminate the brazing problems in air 
cooled blades. Test results from engine operation 
show substantial reductions from the effective 
gas temperature in the central part of the highly 
stressed root region. 


Compressor-Blade Vibration and Performance 
in a J47-23 Turbojet 2 y Under Conditions of 
Rotating Stall. Morgan P. Hanson, Donald F. 
Johnson, and André J. Meyer, Jr. U.S... NACA 
RM E54L20a, June 3, 1955. 18 pp. Presenta- 
tion of test results indicating that the maximum 
vibratory stress measured is +26,200 psi in the 
second-stage blades. However, under simulated 
rapid acceleration conditions, a steess of +60,000 
psi is measured 
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Ram-Jet & Pulse-Jet 


Investigation of Combustion in 16-inch Ram Jet 
Under Simulated ere of High Altitude and 
High Mach Number. J. Nussdorfer, D. C. 
Sederstrom, and E. “tS U.S., NACA 
RM E50D04, June 27, 1950. 53 pp. 


Flight Performance of a Twin-Engine Super- 
sonic Ram Jet from 2,300 to 67,200 Feet Altitude. 
H. Rudolph Dettwyler and Aleck C. Bond. 
U.S., NACA RM L50L27, Feb. 19, 1951. 23 pp. 
Experimental results indicate that the ram-jet 
burnout occurs at a Mach Number of 2.92, a fuel- 
air ratio of 0.0245, and 67,200 ft. altitude. 


Investigation of Conical Subsonic Diffusers 
for Ram-Jet Engines. — M. Farley and 
Henry J. Welna. U.S.. NACA RM E53L15, 
Mar. 15, 1954. 40 pp. Results of tests on five 
different diffusers over a range of diffuser-inlet 
Mach Numbers from about 0.42 to 0.52 with dif- 
aaa total pressures from 1,000 to 1,220 
psfa. 


Effect of Fuel-Air Ratio Concentration in Com- 
bustion Zone on on gar Performance of a 
16-inch Ram-Jet Engine. A. J. Cervenka, D. 
Bahr, and E. E. Dangle U.S., NACA RM 
£53B19, Apr. 13, 1953. 24 pp. Study showing 
the fuel-air concentration to be considerably 
higher under burning conditions than that meas- 
ured under nonburning conditions. Tempera- 
ture and fuel-air ratio surveys in the combustion 
zone of the ram-jet engine indicate the need for 
controlling fuel-air mixing in this zone. 


Effect of Inlet-Air Temperature on Perform- 
ance of a 16-inch Ram-Jet Combustor. A. J. 
Cervenka, E. E. Dangle, and Robert Friedman. 
U.S., NACA RM E53103, Oct. 29, 1953. 24 pp. 
19 refs. Investigation of an engine operated over a 
range of fuel-air ratios with several different com- 
bustor configurations and two fuel types. Com- 
bustion efficiency is found to be as much as 35 
per cent lower at an inlet-air temperature of 
160°F. than at 600°F. 

Effect of Fuel Density and Heating Value on 
Ram-Jet Airplane Range. Appendix A, B— 
Component Aerodynamics. Appendix C—-Com- 
ponent Weight. Appendix D—Optimization. 
Hugh M. Henneberry. U.S., NACA RM 
E51L21, Feb. 25, 1952. 56 pp. 16 refs. An- 
alytical investigation at initial cruise, altitudes 
from 35,332 to 100,000 ft., Mach Numbers from 
1.5 g 4.0, and fuel densities from 4 to 200 Ibs. per 
cu. ft. 


Effect of Fuel Injector Location and Mixture 
Control on Performance of a 16-inch Ram-Jet 
Can-Type Combustor. A. J. Cervenka, cee 
Perchonok, and E. E. Dangle. as. NACA 
RM E53F15, July 29, 1953. 33 pp. Investiga- 
tion for developing a can-type configuration to 
give a wide operable fuel-air ratio range of high 
combustion efficiency. 


The Ramjet in Astronautics. S. W. Green- 
wood. Spaceflight, Jan., 1958, pp. 211-215, 219. 
Brief introduction to an atmosphere-breathing 
engine, including its basic principles and applica- 
tions. Some typical engines are also discussed. 


Reciprocating 


A Method for Calculating the Energy Available 
in the Exhaust Gas at the Inlet End of an Exhaust 
Pipe of a Two- or Four-Stroke Cycle Engine. 
R.S. Benson. RAeS J., Feb., 1958, pp. 132-135. 


Rocket 


Calculated Viscosity of a Solid Propellant 
Rocket Exhaust Gas Mixture. W. Gin. Jet 
Propulsion, Feb., 1958, pp. 127, 128. Calcula- 
tion carried out under the assumption that the 
mixture is exposed to thermodynamic conditions 
prevailing near the rocket exit plane. 


A Tactical Pc Control System. Louis de Bot- 
tari. (ARS Annual Meeting, New York, Dec. 
2-6, 1957.) Astronautics, Feb., 1958, pp. 34-36, 
62. Description of the system designed for field 
use On weapon systems. It can also be modified 
to include other control types, thus providing 
growth potential and increasing reliability. 


Untersuchungen an Heisswasserraketen zum 
Start von Flugzeugen. Karl Schwarzler. ZFW, 
Jan., 1958, pp. 1-9. In German. Presentation 
of a research on hot-water rockets as aircraft 
launchers, conducted by the Ernst Heinkel Air- 
craft Plant at Rostock-Marienehe, in 1941. 


How to Estimate Solid Propellant Rocket Per- 
formance. Saxe Dobrin. Av. Age, Feb., 1958, 
pp. 70-73. Presentation of some trial-and-error 
methods to aid in grain design and performance 
calculations. 


Production 


Manufacturing in the Aeronautic Age; A Re- 
view of American Production Practice. Boyd K. 
Bucey. Aircraft Prod., Feb., 1958, pp. 44—47. 
(Also in The Engr., Jan. 17, 1958, pp. 89-92.) 
Abridged. 


Inertial Components Production. William D. 
Johnston. Sperry Eng. Rev., Nov.-Dec., 1957, 
pp. 18-23. Description of various sensing ele- 
ments and of production techniques used. 
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Computer Control of Machine Tools. 
M. Reynolds. 
Discussion of production machines which are 
moderate in cost yet high in versatility. 


Vapour-Blasting of Tools; Increased Tool-Life 


George 
Mech. Eng., Jan., 1958, pp. 59, 60. 


Obtained in Swedish Tests. Aircraft Prod, 
Feb., 1958, pp. 61-63. Presentation of test 
results on machining turbine blades with and 
without vapour-blasted tools. 

Automatic Spotwelding of Double-Curvature 
Panels. Aircraft Eng., Feb., 1958, p. 46. De- 
velopment of spot welding techniques for handling 
large panels at Ryan Aeronautical Company. 


Metalworking 


Subzero Temperatures Facilitate Production 
Processes. Robert A. Wason. Tool ner., 
Feb., 1958, pp. 107-115. 


Chemical Milling. C. H. Lundquist. Prod. 
Eng., Feb. 3, 1958, pp. 50-53. Details and eval- 
uation of the technique. 

Consideratii Asupra unei Analogii Hidrodi- 
namice a Lamindrii. M. Popov, E. Deciu, and I. 
Mitrica. Stud. Cerc. Mec. Aplic., No. “4 1957 
pp. 905-914. In Rumanian, with summaries in 
Russian and French. Study of the phenomena 
due to the rolling of metals. The equations of 
viscous fluids are used for the study of rolling 
pressures, and the experimental results are com- 
pared to the previously obtained formulas. 

Titanium Fabrication. L. P. Spalding. 
(NATO AGARD Sth Structures & Materials 
Panel, Oslo, Apr. 24-27, 1957.) NATO AGARD 
Rep. 96, Apr., 1957. 33 pp. Description of the 
problems encountered and techniques evolved 
for their solution. Source and receiving inspec- 
tion, blanking and shearing, along with forming 
methods (bending, stretching, drawing, and drop 
hammer forming) are all discussed with respect to 
process limitations and comparisons between 
titanium and other metals 


Klejenie Metali. III. Tadeusz WiSlicki. 
Tech. Lotnicza, Nov.-Dec., 1957, pp. 175-183. 
23 refs. In Polish. Study of problems in glueing 
of metals, including temperature, fatigue, and 
strength considerations. 


High-Integrity Aluminum Castings. A. R. 
Mead. Prod. Eng., Feb. 17, 1958, pp. 69-71. 
Discussion of a procedure for producing reliable 
castings. This includes choosing an alloy with 
good castability, designating requirements of 
critical areas, closely controlling foundry tech- 
niques, and corroborating foundry practices with 
test data. 

The Technique of Forging. O. Kienzle and 
K. Lange. Metal Treat., Jan., 1958, pp. 22-24. 
47 refs. Review of several papers published in 
1956, covering the methods of predetermining the 
force and energy required in forging as well as 
the efficiency of these methods. 

Large Forgings Can Replace ‘‘Bits and Pieces.” 
George W. Motherwell. Aero. Purchasing, Jan., 
1958, p. 20. 


Blanking and Forming Titanium. W. A’ 
Mays and G. J. Matey. Aircraft Prod., Feb., 
1958, pp. 52-60. Review of the practice evolved 
by North American Aviation for improving tita- 
nium quality. 


Cold Extrusion of Unalloyed Titanium. A. M. 
Sabroff, O. J. Huber, and P. D. Frost. (ASME 
Annual Meeting, New York, Nov. 25-30, 1956.) 
ASME Trans., Jan., 1958, pp. 124-131; Discus- 
sion, pp. 131, 132. 15 refs. Discussion of the 
method’s advantages; includes a description 
of the preparation of extrusion billets and some 
of the extrusion tests. 


Vacuum Furnace for Treating Titanium. Metal 
Treat., Jan., 1958, pp. 25, 26. Discussion of some 
features of the furnace and of its applications. 


Heat Treating Aluminium Alloys; Outline of 
Theory and Practice. Metal Treat., Jan., 1958, 
pp. 27, 2 

Machining Ultra-High-Tensile Steels. I— 
Evaluation of Machinability and Conditions of 
Operation for Turning and Milling Operations. 
H. J. Pearson. Aircraft Prod., Feb., 1958, pp. 
75-83. Discussion of some problems entailed 
in the selection and application of standard tools 
and cutters. 


Nonmetalworking 


‘Araldite’? and the Light Metals. P. A. 
Dunn. Light Metals, Dec., 1957, pp. 389-394. 
Discussion of epoxy-resins, including _ their 
chemical structure and properties, and different 
applications, e.g., as adhesives for joining metals, 
surface coatings, wing-surface fillers, insulants, 
and tooling materials. 


Hydrostatic Pressing Radomes. 
William D. Anderson. SAF WADC TR 57- 
345 [AD 142215], Nov., oar. Fie pp. Develop- 
ment of an alumina body composition that could 
be fabricated into a radome. Several bodies are 
tested, and techniques for molding, pressing, 
machining, and firing the radome are elaborated. 


Production Engineering 


Some Production Planning Problems. Mor- 
ton Klein. Nav. Res. Logistics Quart., Dec., 
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Hush Houses by Koppers reduce a jet’s roar to a whisper 


A librarian wouldn’t lift an eyebrow if you ran up a 
jet engine outside her reading room .. . provided it 
was enclosed in a Hush House designed and built by 
Koppers. For, amazingly enough, these Hush Houses 
quiet a deafening roar to a whisper—eliminating this 
nuisance and hazard from testing jet planes. 

During 23 years of experience, Koppers has led 
the field, handling over 75% of all the aviation sound 
control work in the United States and Canada. While 


*Koppers trademark 


each installation is an individual solution to a special 
problem, Koppers acoustical engineers and de- 
signers have the skill backed with long experience 
to solve aviation noise problems. 

Write today for informative booklet, The Sound 
of Power, based on Koppers’ new documentary film on 
controlling aviation noise. KOPPERS COMPANY, INC., 
Sound Control Department, 5905 Scott Street, Balti- 
more 3, Maryland. 


SOUND CONTROL 


Engineered Products Sold with Service 
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A 20th-scale flutter model 

of Convair’s jet 880 

mounted in the transonic test 
section of the CWT 


The 880 and the CWT 


With its swept wing and powerful, turbojet engines, Convair’s 880 
jet transport is designed to operate from airports used today by 
4-engine, propeller-driven planes. 

The world’s fastest commercial jet airliner, the 880 will cruise 
at 615 mph, at altitudes up to 40,000 feet. It will operate economi- 
cally over route lengths from 250 to 3,250 miles. Scheduled to go 
into service in the spring of 1960, the new jet transport will be able 
to land and take off from at least 335 existing airports in the 
United States, Alaska and Canada. 


CWT-—the Southern California Cooperative Wind Tunnel—has 
participated in the aerodynamic testing of the 880 over a two-year 
period. With its multi-million dollar facilities and staff of 240, CWT 
has helped develop many of the nation’s most important aircraft 
| and missiles. 


The CWT serves its five owner companies, a number 
of governmental agencies, and other aircraft manufacturers. 
If you would like more information regarding its services 
and facilities —or employment opportunities — 
you are invited to write us. 


Operated by the 
California Institute of 
Technology. Owned 
by Convair, Douglas, 
Lockheed, McDonnell 
and North American. 
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1957, pp. 269-286. Theoretical investigation 
of allocation and scheduling problems. 


Mechanized Control of Aircraft Production. 
George Blanchard. I/nd. Aeronautics, Jan., 1958, 
pp. 19, 20. Description of different systems used 
in obtaining a more systematic and detailed 
planning to control all activities involved in the 
manufacture of products. 


Metodo de las Observaciones Instantaneas. 
Virgilio Hernando Linzuain. Ing. Aero., Nov.- 
Dec., 1957, pp. 23-28. In Spanish. Description 
md a production method of instantaneous observa- 
tion. 

Formulation of Recurrence Equations for 
Shuttle Process and Assembly Line. Richard 
Bellman. Nav. Res. Logistics Quart., Dec., 1957, 
pp. 321-334. ONR-sponsored mathematical in- 
vestigation of two processes, one arising in cargo 
handling, the other in industrial production. 


Effective Thickness of Chromium Plate on the 
Sensitivity of Magnetic Particle Inspection. 
W. Steindorf and B. Cohen. USAF WADC 
TR 57-342 [AD 142080], Oct., 1957. 8 pp. 
Experimental investigation of chromium-elec- 
trodeposit effects on the mechanical and physical 
properties of steel. 

New Purchasing Procedures Pay Off on Elec- 
tra Transport. Scholer Bangs. Aero. Purchasing, 
Jan., 1958, pp. 18, 19, 47. 


Propellers 


Propeller Synchrophasing. Lockheed Field 
Serv. Dig., Jan.-Feb., 1958, pp. 6, 7. Brief dis- 
cussion of the performance of a 1649A synchro- 
phasing system, including its simplified block 
diagram. 


Rotating Wing Aircraft 


Hiller XROE-1 Rotorcycle. Loren Raglin. 
AHS Newsletter, Jan., 1958, pp. 2-7. Develop- 
ment of a small foldable helicopter for observa- 
tion, liaison, messenger missions, self-rescue, 
escape, and small unit tactical maneuvers. 

The Pressure Jet Helicopter. A. Stepan. 
RAeS J., Feb., 1958, pp. 123-131. Discussion 
of the design of a pressure jet rotor with emphasis 
on blade and head design, fuel system, effects of 
pipe size, combustion chamber design, thrust 
measurement on the rotating chamber, and noise 
problems. 


Analysis of a Pressure-Jet Power Plant for a 
Helicopter. Richard P. Krebs and William S. 
Miller, Jr. U.S., NACA RM E54L23, Mar. 28, 
1955. 56 pp. 11 refs. Evaluation of the effect 
of variations in the pressure ratio of the auxiliary 
compressor, tip-jet temperature, burner area, 
blade-duct area, and rotor-tip speed on the power 
plant specific thrust and thrust specific fuel 
consumption. Comparison of a series of pressure- 
jet power plants installed in an assumed helicopter 
of 30,000 Ibs. gross weight is presented on the 
basis of calculated hovering duration and flight 
range, 

Wyznaczanie Momentéw Gngcych kopaty 
Smigtowca w Locie Wiszgcym. I. Jerzy Lipka. 
Tech. Lotnicza, Nov.-Dec., 1957, pp. 166-169. 
In Polish. Determination of bending moments of 
helicopter blades in hovering. 

Indicatii Miririi Coeficientului de 
Calitate al Elicelor Propulsive. N. N. Patrau- 
lea. Stud. Cerc. Mec. Aplic., No. 3, 1957, pp. 
711-724. In Rumanian, with summaries in 
Russian and French. Analysis of various meth- 
ods for increasing the rotor output coefficient. 


Safety 


Air Safety. Allan Bernhardt. Aero. Eng. 
Rev., Apr., 1958, pp. 50-52. Summary of Flight 
Safety Foundation’s Ninth International Seminar 
at Palo Alto; includes panels on search and res- 
cue, mid-air collision, fire-protection on turbine- 
powered aircraft, vertical flight, intra-company 
communications, and all-weather flying. 


Relation Between Time of Day and Aircraft 
Landing Accidents. J. R. Smiley. J. Av. Med., 
Jan., 1958, pp. 33-36. Graphical representation 
of accident rates and their corresponding landing- 
frequency distribution, and analysis of their 
relationship. It is found that the minima of the 
accident rate curve follows minimal landing fre- 
quencies by 1 to 2 hours, and that the time lag in 
accident-rate minima is due to food and rest. 


Foreign Objects in Aircraft, Engines and 
Airborne Equipment. Can. Aero. J., Jan., 1958, 
pp. 21-30. Discussion of the reduction of hazards 
due to foreign objects. It is concluded that an 
improved design, colour and identification cod- 
ing of fluids, as well as an improved runway clean- 
ing are needed. 


Space Travel 


International Geophysical Year; A Report on 
the United States Program. Hugh Odishaw. 
Science, Jan. 17, 1958, pp. 115-128. Brief ac- 
count of some of the activities from July Ist to 
Nov. 30th, 1957, also including some references 
to the activities of other participating countries, 
covering: (a) the physics of the upper atmos- 
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A Word About 


Our Advertisers 


The many companies whose advertising 
appears in this issue are interested in 
you and your work. They are anxious 
to let you know what they are doing to 
help you solve research and design prob- 
lems in missile, rocket, air and space- 


craft projects. 


AERO/SPACE ENGINEERING’s ad- 
vertising pages keep you posted on new 
and improved materials, components, 
services, and supplies useful to your 


professional work. 


To request more information on any 
product or service advertised, may we 
suggest you use the green self-addressed 
reply cards inserted at the end of this 
issue. No postage is needed. Our staff 
will be glad to forward all requests to the 


proper companies for direct reply to you. 


AERO/SPACE ENGINEERING 
2 East 64th Street New York 21, N.Y. 


by METHODE 


precision work: 
%* Separate management and 
specializing in reliable pr 
printed circuits 
* Special facilities for id 
run rnc and fabrication of printed «i cire 


handle all finishes 
* The newest in equipment with t 
turit 


= also offers 
i lated wiring harness and con- 
nectors for printed circuit ap- 


AIY 


@ Metal or Plastic Caps or 
Plugs to protect threads, tubes, 
machined parts, reamers, 
cutters, tools. 


@ Protect against thread damage, 
dust, dirt, and moisture. 


e For inside and outside 
application. 
All sizes. Immediate delivery. 


Clover closures are made in metal and tough 
plastic polyethylene. They are made in caps, 
plugs and special shapes to fit parts tightly, 
offering completely sealed protection during 
manufacture, shipping and storage. Backed by 
years of closure experience. Write for low 
prices and complete information. 


Send coupon today ! 


Gentlemen: 


Please send samples and prices of closures in 


Aluminum 


METAL 
caps for 
AE exter- 
threaded parts. 


PLASTIC 
Tapered parts for 
use either as a 
cap or plug. 


METAL 
Threaded plugs for 
AN or SAE inter- 
nal threaded parts. 


PLASTIC 
(L.T. Series) 
Non-threaded push- 
on caps for tubing, 
AN & SAE Fittings, 

reamers, etc. 


@% CLOVER INDUSTRIES, INC. 
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phere, (b) the earth’s heat and water regime, Determination of Impact Point of a ~~ 4 7 


and (c) the earth’s structure and interior. Falling Body by Acoustical Observations. G 

I—The Space Age is Here. Maurice Allward. Groves. J, Atmos. & Terrestrial Phys., No. 3/4, 
Il—The First Day of Sputnik I. III—Russia’s 1957, pp. 284 288. : Development of simple 
Second Satellite. Kenneth W. Gatland. Space- formulas for calculating the coordinates of the 
Aight, Jan., 1958, pp. 196-205. General discus- impact point, taking into account the effects of 
sion of the Soviet satellites, including radio wind and variations in speed of sound. 
observations and early photographs. Space Communications Tested with X-17. 

Einige Aufgaben des internationalen geo- Henry P. Steier. Missiles & Rockets, Dec., 
physikalischen Jahres. H.-J. Tanck. Aero, 1957, pp. 121, 122. 

Feb., 1958, pp. 25, 26. In German. Discussion Transfer Between Vehicles in Circular Orbits. 
of the IGY program divided into three parts Bernard H. Paiewonsky. Jet Propulsion, Feb., 
the physics of the earth (solid), physics of the 1958, pp. 121-123. Presentation of a simple ap- 
oceans, and physics of the atmosphere. proach to orbital transfer of a commuter vehicle 

Na Puti Osvoeniia Mezhplanetnogo Prostran- between coplanar satellites in concentric circular 
stva. V. Dobronravov. Grazhdanskaia Aviatstia, orbits. 

Dec., 1957, pp. 3-5. In Russian. Discussion Meteoric Abrasion Studies Proposed for Van- 
covering the Soviet Sputnik I and II satellites, guard. Martin J. Swetnick. (AAS 3rd Annual 
including details of launching, instrumentation, Meeting, New York, Dec. 6, 1956.) J. Astro- 
and operation. nautics, Winter, 1957, pp. 69-71. 12 refs. 

Data from a Fixed Point in Space. S. W. Presentation of two methods for studying mete- 
Greenwood. The Aeroplane, Jan. 24, 1958, pp. oric abrasion of satellite skins; one is designed to 
118, 119. Study carried out for attracting inter- correlate erosion with variations of the resistance 
est in a type of aircraft for the research of the of a thin metallic ribbon subjected to meteoric 
upper atmosphere. The vehicle would remain impact, the other correlates erosion with varia- 
substantially at rest relative to the fixed stars tions of the intensity of beta-particle variation. 
with the earth spinning beneath it. ‘‘Sublimation’’ May Lick Re-Entry Problem. 


PROVED in 
PERFORMANCE 


Simmonds Precision Products 
ELECTRONIC e HYDRAULIC e@ MECHANICAL 


Lightweight Pacitron Fuel Gage Systems: Fuel measurement and manage- 

ment systems incorporating latest technological improvements. Con- 

sistent reliability and dynamic progress are typified by the Load Limit 

Control, Center of Gravity Control and new True Mass Fuel Gaging 

System. Specification of Pacitron in latest military and commercial 
aircraft emphasizes Simmonds’ continued leadership. 


Simmonds SU Fuel Injection Systems: The only advanced type fuel injection 
system now in production for medium h.p. gasoline engines, the SU 
| System has been proven in field tests to give economies up to 25%. 
| Eliminates icing problems, gives improved cold starts. 


Precision Push-Pull Controls: Simmonds Push-Pull Controls are positive, 

precise and rugged. Capable of heavy loads and accurate operation 

under vibration, continuous cycling, temperature extremes, etc. Proved 

in millions of miles of service on aircraft engines, pressurized doors 
: and specialized applications. 


Cowling and Access Latches: Heavy duty flush fitting aircraft latches for 
installation on cowlings and access panels. Two-piece toggle type, avail- 
able to fit a wide range of structural curvatures; for attachment of 
plastic radomes, etc. 


Liquid Level Sensing Systems: Working independently of the fuel gage 
system, this thermistor sensing system indicates accurately the precise 
time at which fuel, oil or other liquid goes above or below any designated 
level. It also automatically stops or starts pumps or valves to transfer 
the liquid from one tank to another. The system is rugged, has no 
tubes or moving parts, is light and compact. Operates on military air- 
craft fuels and oils. 


GS 


Oifices: Torryiown. New York 
‘Offices: Detroit, Dayton. Washington, D.C. * Dollas, Texas 
Wichita, * Glendale, Co! e * Seattle, Washington 
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Kurt R. Stehling. Av. Age, Feb., 1958, pp. 27-29. 
Analysis of the ‘‘sublimation’’ method for use in 
the specific case of an orbital vehicle. 

Man in Space. Michael W. Ovenden. Air 

, No. 6, pp. 28-32. Discussion of environ- 
mental problems which man will encounter in 
space flight. 

Move Over Buck, Earthling’s Coming up. 
Jerry Greene. Pegasus, Jan., 1958, pp. 1-9. 
Discussion of basic achievements, aims, and 
problems involved in space exploration. 

Conditions on the Moon with Which the First 
Landing Crew will Contend. Gilbert Fielder. 
Spaceflight, Jan., 1958, pp. 216-219. 

Soviet Satellite Instrumentation. Herbert 
Friedman. Astronautics, Feb., 1958, pp. 32, 33, 
82. Comparison of Soviet and American tech- 
niques revealing different approaches to the 
problem of measuring solar X-ray and ultraviolet 
radiation. 

New Zealand Visual Observations of the Rocket 
the Russian Artificial Satellite. 

Anderson and C. S. L. Keay. Astronautica 
ae 1957, pp. 227-230. Presentation and dis- 
cussion of data obtained by visual observations, 
and comparison of the regression of the orbit 
nodes to that predicted by theory. 

Life in Sputnik. P. Isakov. Astronautics, 
Feb., 1958, pp. 38, 39, 49, 50. Examination of 
problems involved in keeping a living organism 
alive in space, and analysis of Soviet approaches, 


Structures 


Analogy Between Boundary Value Problems for 
Regions Bounded by Concentric Circles and 
Axially Symmetrical Boundary Value Problems 
for Regions Bounded by Concentric Spherical 
Surfaces. J. Golecki. Acad. Pol. Sct. Bul., 
No. 6, 1957, pp. 327-333. 17 refs. 


Effect of Loads on the Spring Constant of a 
Particular Type of Flexure. Frederick G. Blott- 
ner. J. Aero. Sci., Apr., 1958, pp. 272, 273. 


How Wrong Can Elastic Constants Be? S. A. 
Gordon. Prod. Eng., Jan. 6, 1958, pp. 68-71. 
Analysis of the effect of elastic constants on an 
accurate structural design, using eight design 
equations of a single material—stainless W. 

The Nonsaturability of the Strain Field of a 
Dislocation by Point Imperfections. R. Thom- 
son. Acta Metallurgica, Jan., 1958, pp. 23-28, 
USAF-sponsored discussion of the saturation 
problem from the point of view of elasticity. 


Creep Rates of Excentrically Loaded Test 
Pieces. Ake Isaksson. Acta  Polytechnica, 
No. 110 (219), 1957. 23 pp. 12 refs. Study of 
the influence of load excentricities on the second- 
ary creep rate, neglecting curvature changes of 
the test piece, as well as the influences of elastic 
deformation and primary creep. 


Beams & Columns 


For Spring Action Which Cantilever Beam is 
Best. Karl Maier. Prod. Eng., Feb. 17, 1958, 
pp. 83, 86, 87. Presentation of equations for five 
different cross-sections of cantilever beams. The 
equations are subdivided into four different groups 
covering distribution properties, boundary proper- 
ties, spring properties, and energy properties. 

Approximate Deflections in Cantilevers Curved 
in Plan. P. B. Mellor and W. Johnson. RAeS 
J., Jan., 1958, pp. 64-66. 

A Note on the Optimum Distribution of Mate- 
rial in a Beam for Stiffmess. B. Saelman. J. 
Aero. Sci., Apr., 1958, p. 268. Analysis of tor- 
sional stiffness for a tubular beam. 


Cylinders & Shells 


On Radial Deflection of a Cylinder of Finite 
Length with Various End Conditions. L. Ting 
and S. W. Yuan. J. Aero. Sci., Apr., 1958, pp. 
230-234. 11 refs. Determination of the radial 
deflection by employing the solution for cylinders 
of infinite length as the particular integral and 
fulfilling the end conditions by finding the proper 
solutions to the homogeneous differential equa- 
tion. 

An Iteration Method for Solving Linear Prob- 
lems in the arid of Shallow Shells. William 
A. Nash and P. L. Sheng. J. Aero. Sci., Apr., 
1958, p. 267. 


O Sushchestvovanii Reshenii v Nelineinoi 
Teorii Obolochek. I. I. Vorovich. AN SSSR 
Dokl., Nov. 11, 1957, pp. 203-206. In Russian. 
Study of the existence of solutions in the non- 
linear theory of shells, development of a new 
method of solution, and establishment of some 
general characteristics. 


Die Membrantheorie der Schalen mit zwei 
Leitparabeln und einer Leitebene. Mircea 
Soare. Rev. Méc. Appl., No. 1, 1957, pp. 213- 
232. 19 refs. In German. Evaluation of the 
membrane theory of shells with double directrix 
and directrix plane. 


Elasticity & Plasticity 
Teoriia Plastichnosti, Uchityvaiushchaia Ef- 


fekt Baushingera. Iu. I. Kadashevich and V. V. 
Novozhilov. AN SSSR _ Dokl., Dec. 1, 1957, 
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TOOLKO ENGINEERING COMPANY 
TRANS WORLD AIRLINES, INC. 

TURBO PRODUCTS, INC. 

UNION CARBIDE CORPORATION 

UNITED AIR LINES, INC. 

UNITED AIRCRAFT CORPORATION 
UNITED STATES AVIATION UNDERWRITERS, INC. 
UNITED STATES RUBBER COMPANY 
VARD, INC. 

VERTOL AIRCRAFT CORPORATION 
VICKERS INCORPORATED 

VITRO CORPORATION OF AMERICA 
WESTERN GEAR CORPORATION 
WESTINGHOUSE ELECTRIC CORPORATION 
WESTON ELECTRICAL INSTRUMENT CORPORATION 
WINDER AIRCRAFT CORPORATION 
WYMAN-GORDON COMPANY 

YOUNG RADIATOR COMPANY 
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pp. 586-588. In Russian. Development of a 
theory of plasticity for quasiisotropic bodies, 
taking into account the Bauschinger effect. 


On the Solving of the Spatial Problem of the 
Theory of Elasticity; Applications to the Theory 
of Plates. M. Misicu. Rev. Méc. Appl., No. 1, 
1957, pp. 171-190. Presentation of equations 
of the theory of elasticity and derivation of solu- 
tions in polynomial and trigonometric form ac- 
cording to the nature of deformation (incom- 
pressible, compressible, irrotational, and rota- 
tional). 


A Three-Dimensional Problem for Highly 
Elastic Materials Subject to Constraints. J. E. 
Adkins. Quart. J. Mech. & Appl. Math., Feb., 
1958, pp. 88-97. Study of a problem when a 
uniform, plane, thin sheet of elastic material is 
reinforced with a network consisting of two sets of 
thin, inextensible cords lying in its middle plane. 
If the cords of each set lie initially in parallel 
straight lines, the equations governing the de- 
formation may be solved in terms of arbitrary 
functions. The nature of the solution for the 
general case is also examined. 


On the Hyperbolic Paraboloids—Bending 
Theory. Mircea Mihailescu. Stud. Cerc. Mec. 
Aplic., Apr.-June, 1956, pp. 421-442. Rev. 
Méc. Appl., No. 1, 1957, pp. 191-212. 


On the Velocity of Formation of Liiders Bands, 
T. Y. Thomas. J. Math. & Mech., Mar., 1958, 
pp. 141-148. ONR-supported solution using the 
Prandtl-Reuss equations for plastic flow and cer- 
tain compatibility conditions in order to ob- 
tain the velocity of formation. 


The Liiders Band Problem. T. Y. Thomas 
J. Math. & Mech., Jan., 1958, pp. 17-27. 12 
refs. ONR-supported investigation of a flat 
plate subjected to a slowly increasing load, up to 
the point where the tension reaches the yield 
stress of the material. 


Plates 


Elastic-Plastic Bending of Non-Homogeneous 
Orthotropic Circular Plates. II. W. Olszak and 
J. Murzewski. Arch. Mech. Stosowanej, No. 5, 
1957, pp. 605-630. Determination of the bending 
modes using the differential equations of the 
continuity of deformation and equilibrium, as 
well as algebraic equations of the principal curva- 
tures a: and a2 depending on the buckling mo- 
ments m and m2. 


Thermal Stress 


The State of Stress and Displacement in a 
Thin Anisotropic Plate due to a Concentrated 
Source of Heat. Jerzy Mossakowski. Arch. 
Mech. Stosowanej, No. 5, 1957, pp. 565-577. 
Development of a relatively general method for 
solving problems of thermal stress in thin aniso- 
tropic plates. The method is illustrated by some 
simple examples, and the influence of thermal 
and elastic anisotropy on stress distribution is 
shown. 


Inelastic Design Steps Up Performance. G. 
H. Spragueand P.C. Huang. SAE J., Jan., 1958, 
pp. 46-49. Discussion of a method for weight 
saving using inelastic designs for thermal stresses. 
Taking advantage of temperature gradient 
shapes can improve the efficiency of the struc- 
ture within the limits of buckling strength and 
allowable deformation. 


Transient Temperature Distribution in Air- 
craft Structures. Irving Frank. J. Aero. Sci., 
Apr., 1958, pp. 265-267. USAF-sponsored pres- 
entation of an analytical method for tempera- 
ture distribution in an ordinary aircraft section. 


Some Remarks Upon the Problem of Tempera- 
ture Shock in Aircraft. F. Bollenrath. (NATO 
AGARD 4th Structures & Materials Panel, 
Brussels, Aug. 27-31, 1956.) NATO AGARD 
Rep. 90, Aug., 1956. 12 pp. Discussion of 
structural problems associated with heating and 
large temperature gradients. The thermal stresses 
due to a nonstationary distribution of tem- 
perature are calculated for a gas moving at high 
speed. 


Effets Thermiques Dans le Calcul de la Résis- 
tance des Structures d’Avions et d’Engins. 
N. J. Hoff. NATO AGARD Rep. 52, Jan., 
1956. 111 pp. 69refs. In French. Review of the 
laws controlling the aerodynamic heating of 
supersonic aircraft, and a discussion of heat 
transmission inside the wings by conduction and 
radiation. Thermal stresses and their effect on 
the buckling of rods and thin plates are examined, 
as well as the problem of creep and its effect on 
stress distribution. 


Thermodynamics 


O Temperaturnoi Zavisimosti Teploemkosti 
Tverdykh Tel. N.N. Sirota. AN SSSR Dokl., 
Aug. 11, 1957, pp. 901-903. In Russian. Anal- 
ysis of the possibility of computing the tem- 
perature dependence of the specific heat of 


solids, taking into account the frequencies de- 
scribed by a law similar to that of Gauss. 


Enthalpy Charts: For Dissociating Gas Mix- 
tures in the Temperature Range 600 deg to 4,000 
deg K. H. Reichert. Gt. Brit., ARC R®&M 3015 
one 1950) 1957. 20 pp. BIS, New York, 


The Determination of the Equation of State 
from Wave-Front Observations. Appendix— 
Example of a Slightly Imperfect Gas. E. PF. 
Lype. (ASME Annual Meeting, New York, 
Nov. 25-30, 1956.) ASME Trans., Jan., 1958, 
pp. 1-8; Discussion, pp. 8-10. Derivation of dif- 
ferential equations for obtaining the thermody- 
namic properties and establishment of the rela- 
tionship between rarefaction waves and equa- 
tion of state. 


Combustion 


Ninth Technical Status on 
Non-Stationary urface Combustion tudies 
(Covering Period from 15 Sept. to 15 Dec., 1957.) 
D. Perper, N. Thomas, and Domenic Bitondo. 
ADC Rep. 410/R-12/34, 1958. 6 pp. USAF. 
sponsored investigation. 


Gorenie v Kamere Peremennogo Secheniia. 
E. Larish. Rev. Méc. Appl., No. 1, 1957, pp. 
55-60. In Russian. Derivation of a solution 
to the problem of flame propagation in a combus- 
tible gas mixture moving ina plane or axisymmetri- 
cal chamber with arbitrary profile variation, 
Application of results to the determination of the 
area ratio for complete combustion. 

O Kriticheskikh Usloviiakh Podzhiganiia 
Goriuchikh Gazovykh Smesei Nagretymi Tver- 
dymi Telami. A. I. Rozlovskii. N SSSR 
Dokl., Dec. 1, 1957, pp. 651-654. 17 refs. In 
Russian. Discussion of the critical conditions 
for the ignition of gas-mixture fuels by heated 
solid bodies. 


Physical Characteristics and Test Conditions 
of an Ethylene-Heated High-Temperature Jet. 
Roland D. English, Abraham Spinak, and Eldred 
H. Helton. U.S., NACA TN 4182, Jan., 1958, 
28 pp. 


Effect of Radical Recombination Kinetics on 
Specific Impulse of High Temperature Systems. 
Kenneth A. Wilde. Jet Propulsion, Feb., 1958, 
pp. 119, 120. Determination of the kinetic im- 
pulse between the two conventional limiting 
conditions of frozen and equilibrium flow, ob- 
tained as a function of recombination rate con- 
stant, chamber pressure, and motor diameter. 


Our Aircraft Division Has Openings on 
VTOL Development Programs For: 


SENIOR STATIC AEROELASTICIANS 

Experienced in the latest analytical, model test, and flight test 
methods of predicting and substantiating devergence, control 
effectiveness, and effects of aeroelasticity on aerodynamic loads 
and stability derivatives for high performance aircraft. 


SENIOR FLUTTER AND VIBRATION ENGINEERS 


Experienced in the latest analytical, model test, prototype vibra- 
tion and flight test methods of predicting and substantiating vibra- 
tion characteristics and flutter boundaries for high performance 


aircraft. 


If interested, send resume to: 


Supervisor of Engineering Employment, Dept. A-26 
BELL AIRCRAFT CORP., P.O. Box 1, Buffalo 5, N. Y. 


Giannini R 


Send Gia 


. 


SCIENTISTS—ENGINEERS— 


y, Santa Ana, Calif. Several excellent 
positions are available for experienced scientists and engineers. These 
positions offer an opportunity to perform research in new fields of high 
temperature physics, aerodynamics and propulsion. This is challeng- 
ing work in association with distinguished research personnel offering 
excellent salaries and professional growth. Laboratory located in 
beautiful suburban Orange County, 10 miles from the Pacific Ocean, 
40 miles from Downtown Los Angeles. PROJECT RESEARCH DIREC- 
TOR—PROPULSION—‘Scientist or engineer with application and 
experimental experience for advanced research in space flight missions, 
with emphasis on propulsion system requirements. Optimization and 
application studies of thrust devices for space flight. M.S. or Ph.D. 
required; rocketry, aerodynamics and electrical experience preferred, 
SR. ENGINEER (ELECTRO-MECHANICAL)—PROPULSION—M.E.-E.E. 
—To do evaluation and analysis of propulsion systems and devices. 

ini R h Laboratory, P. O. Box 1199, Santa 
Ana, Calif. Several positions also available for Senior Electrical Engi- 
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Now Available—Limited Supply 


The 1956 Edition of the 
AERONAUTICAL ENGINEERING 


INDEX 


e More than 5,100 abstracts of reports, 
periodical articles, meeting papers, books, 
and technical publications 


e Worldwide Coverage 


e@ Convenient Subject and Author Indexes 


AN INDISPENSABLE REFERENCE TOOL for the 
aero/space scientist and engineer in speedily locating 
literature on specific subjects relating to the design, 
development, and operation of aircraft, missiles, 
rockets, satellites, and spacecraft. 


Member Price: $10. Nonmember Price: $15.* 
(*Add $1.00 for orders outside the U.S.A.) 
Copies may be obtained by writing to: 


Special Publications Dept. 
IAS, 2 E. 64th St., N.Y. 21, N.Y. 
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Some Observations of Flame Stabilization in 
Sudden Expansions. Peter A. Ross. Jet 
Propulsion, Feb., 1958, pp. 123-125. Investiga- 
tion to determine the oscillating effects on the 
limits of stabilization when the length-to-diame- 
ter ratio of the chamber is large. 

Flame Quenching. B. S. Massey and B. C. 
Lindley. RAeS J., Jan., 1958, pp. 32-42. 102 
refs. Study of various aspects of combustion, 
including the means of ignition, ignition tem- 
peratures, velocity of propagation, and inflam- 
mability limits of various hydrocarbons in air 
and oxygen, in order to establish a basis for the 
discussion of flame quenching mechanisms. 


Analysis of Heat-Driven Oscillations of Gas 
Flows. II—Characteristic Equation for Flame- 
Driven Oscillations of the Organ-Pipe a7. 
IV—Discussion of the Theoretical Results on- 
cerning Flame-Driven Oscillations. H. J. Merk. 
Appl. Sct. Res., Sect. A, No. 2-3, 1958, pp. 175— 
204. 19 refs. 


Matsunaga. Jet Propulsion, Feb., 1958, pp. 
125, 126. Presentation of a method of burning 
gas to obtain more radiation than produced by 


Heat Transfer 


On the Relation of Surface Friction and Heat 
Transfer. E.A.Sidorov. Sov. Phys.-Tech. Phys., 
Mar., 1957, pp. 499-504. 22 refs. Translation. 


Rasprustranenie Teplovoi Volny, Blizkoi k 
Sfericheskoi. E. I. Andriankin and O. S. Ryzhov. 
AN SSSR Dokl., Aug. 11, 1957, pp. 882-885. 
In Russian. Study of the propagation of a ther- 
mal wave of a nearly spherical shape. 


An Asymptotic Method for Free Convection 
Past a Vertical Plate. Joe E. Foote. r, 
Jan. 25, 1958, pp. 64-67. Reduction of the prob- 
lem of a free flow on an irregularly heated wall 
to the calculation of a series of functions satis- 
fying a linear differential equation with constant 
coefficients, 

Remarks on the Paper by M. Finston: ‘Free 
Convection Past a Vertical Plate.’’ Frank Niu- 
man and Karl Pohlhausen. ZAMP, Jan. 25, 
1958, pp. 67-69. Reduction of the exact solution, 
derived by M. Finston for the natural convec. 
tion of a vertical plate whose surface temperature 
is changed according to a potential law, to a one- 
parameter system for a given Prandtl Number. 
Some curves are presented for air (Pr = 0.733). 

Nonstationary Thermal Conductivity in Lam- 
inar Bodies. M. G. Kogan. Sov. Phys.-Tech. 
Phys., Mar., 1957, pp. 467-475. 11 refs. Trans- 
lation. Analysis of thermal conductivity in 
nonhomogeneous laminar bodies (one-dimen- 
sional, axially symmetric, and centrally sym- 
metric problems) due to the action of sources 
located within the layers and on surfaces of 
separation, which includes the heat exchange with 
the surrounding medium, 


Turbulent Heat Transfer in the Thermal En- 
trance Region of a Pipe with Uniform Heat Flux. 
E. M. Sparrow, T. M. Hallman, and R. Siegel. 
Appl. Sci. Res., Sect. A, No. 1, 1958, pp. 37-52. 
ll refs. Analysis using a method similar to 
Graetz’s formulation for the laminar thermal 
entry region. Local and fully developed Nusselt 
Numbers are presented for fluids with Prandtl 
Numbers ranging from 0.7 to 100 and with 
Eayecide Numbers between 5 X 104 and 50 X 

4 


Simple Solutions of the Partial Differential 
Equation for Diffusion (or Heat Conduction). 
S.C. Jain. Royal Soc. (London) Proc., Ser. A, 
Jan. 14, 1958, pp. 359-374. 12 refs. Investiga- 
tion showing that the solutions for finite solids of 
various shapes and under various conditions 
can be derived from simple solutions rigorously 
applicable to linear diffusion in a semi-infinite 
slab. Tables and graphs are presented showing 
the relation between the numerical values ob- 
tained from thé present method and those ob- 
tained by much more laborious procedures, 


VTOL & STOL 


Convertiplanes. R. L. Lichten. SAE PER 
Jan., 1958, pp. 30-32. Analysis of the capa- 
bilities of convertiplanes in the VTOL and for- 
ward flight spectra. 


Full-Scale Wind-Tunnel Tests of the Longi- 
tudinal Stability and Control Characteristics of 
the XV-1 Convertiplane in the Autorotating Flight 

nge. Appendix A—Analysis of a V-Tab 
Horizontal Tail. Appendix B—Estimation of 
Rotor Downwash. Appendix C—Estimation of 
Stick-Motion Stability. David H. Hickey. 
U.S.,. NACA RM A55K21a, May 17, 1956. 64 
Pp. 


Talking Point: Has the Transport Helicopter a 
Future? Air BP, No. 6, pp. 10-13. Discussion 
of various VTOL configurations and their poten- 
tial commercial uses. 


B.E.A. Looks Ahead. The Aeroplane, Jan. 
24, 1958, pp. 115-117. Discussion of provisional 
tequirements worked out for a VTOL passenger, 
mail, and freight aircraft. Includes performance, 


' ndling, air conditioning, and operational prob- 
lems, 


Jet-Deflection Devices. Uwe H. von Glahn . 


and John H. Povolny. SAE J., Jan., 1958, pp. 
64, 65. Discussion of some possible lift-aug- 
mentation and direction-control configurations 
for jet-powered VTOL and STOL aircraft. 


The Aerodyne Concept. Alexander M. Lip- 
pisch. Interavia, Jan., 1958, pp. 51-55. Estab- 
lishment of general specifications and discussion 
of the solutions of different problems involved 
in the design of wingless aircraft. 

Ryan Vertiplane. Charles Williams. Am. 
Helicopter, Dec., 1957, p. 10. 

VTOL Flight Test and Development. C. E. 
Myers, Jr. Interavia, Jan., 1958, pp. 57-59. 
Review of the significant development projects 
between 1954 and the present, including some 
recommendations for the future. 


STOL for Mercantile Aviation. D. M. Desout- 
ter. Aeronautics, Jan., 1958, pp. 32-41. Design, 
performance, and system characteristics of the 
Scottish Aviation Twin Pioneer. Also includes 
discussion of various configurations for both civil 
and military roles. 


Propulsive Wing May be Answer to STOL 

oblem. Robert J. Spindler. Av. Age, Feb., 
1958, pp. 38-43. Discussion on the application 
of supercirculation to an aircraft wing—alter- 
nating the velocity field around a wing by trail- 
ing edge blowing. 

American Development in STOL and VTOL 
Aircraft. C. W. Meshier. (NATO AGARD Oth 
Flight Test Panel, Brussels, Aug. 27-31, 1956.) 
NATO AGARD Rep. 86, Aug., 1956. 15 pp. 
Discussion of low-speed flight problems. 


Wind Tunnels & Research Facilities 


Electronic Systems at China Lake. Neil 
Givens. Mil. Electronics, Jan., 1958, pp. 10-13, 
15. Discussion of general characteristics and 
performance of devices for exact synchronization 
and control purposes of modern weapons. 


Research in the U.S. Naval Ordnance Labora- 
tory Ballistics Ranges. Paul A. Thurston. 
(NATO AGARD 11th Wind-Tunnel & Model- 
Testing Panel, Scheveningen, July 8-12, 1957.) 
NATO AGARD Rep. 137, July, 1957. 28 pp. 
Description of the NOL ballistic range and a 
discussion of the complementary nature of wind 
tunnels and ballistics ranges. 


Short Notes on Model-Making and Force- 
Measuring Techniques. E. Dobbinga and G. 
Prast. (NATO AGARD 8th Wind-Tunnel & 
Model-Testing Panel, Rome, Feb. 20-25, 1956.) 
NATO AGARD Rep. 18, Feb., 1956. 26 pp. 
Presentation of a series of Papers which include 
three special methods in model making used at 
the N.L.L., a description of model making ma- 
chines, and some force-measuring techniques. 


Note on Hydrogen as a Real-Gas Driver for 
Shock Tubes. Paul W. Huber. J. Aero. Scé., 
Apr., 1958, p. 269. Presentation of a computation 
for real-gas hydrogen driving real-gas air. The 
resulting plot of diaphragm pressure ratio versus 
shock Mach Number is presented for two cases of 
driver pressure. 


Blocking in the Supersonic Wind Tunnel. 
Bain Dayman, Jr. Aero. Sci., Apr., 1958, 
pp. 264, 265. Army-sponsored experimental in- 
vestigation to obtain a reliable method of pre- 
dicting the blocking characteristics of models 
during an attempted start. 


The Use of Gun-Launched Models for Experi- 
mental Research at Hypersonic Speeds. Alvin 
Seiff. (NATO AGARD 11th Wind-Tunnel & 
Model-Testing Panel, Scheveningen, July 8-12, 
1957.) NATO AGARD Rep. 138, July, 1957. 
19 pp. Description ot two methods for ex- 
tending gun-launched model tests into the hyper- 
sonic Mach Number range, one of them using a 
counter-current supersonic air stream for at- 
taining M = 13, the other replacing powder- 
gas by compression-heated helium. 


Interference Corrections for Asymmetrically 
Loaded Wings in Closed Rectangular Wind 
Tunnels. H.C. Garner and W. E. A. Acum. 
Gt. Brit., ARC R&M 2948 (Sept., 1953) 1957. 
38 pp. 10 refs. BIS, New York, $1.98. In. 
vestigation of tunnel interference in relation to 
aerodynamic measurements on a six-component 
balance, and discussion of its basic theory. 
The tunnel-induced upwash is expressed in terms 
of the wing load and four quantities dependent 
on thé tunnel shape. 


NACA Hypersonic Rocket and High-Tempera- 
ture Jet Facilities. Paul E. Purser and Aleck C. 
Bond. (NATO AGARD 11th Wind-Tunnel & 
Model-Testing Panel, Scheveningen, July 8-12, 
1957.) NATO AGARD Rep. 140, July, 1957. 
13 pp. Discussion of the possibility of extending 
rocket-model research to hypersonic speeds, 
and brief description of several high-temperature 
jet facilities for research on structures and mate- 
rials. 

The Blow-Down Wind Tunnel at Aachen. A. 
Naumann, A. Heyser, and W. Trommsdorff. 
(NATO AGARD 9th Wind-Tunnel & Model- 
Testing Panel, Brussels, Aug. 27-31, 1956.) 
NATO AGARD Rep. 69, Aug., 1956. 20 pp. 
Discussion of the construction, installation, and 
application of the first stage of the tunnel. | Also 


included are the general layout of the complete 
tunnel and a simple analytical estimation of the 
aerodynamic performance of such a tunnel. 


A Supersonic Wind Tunnel for Mach Numbers 
up to 3.5. L. E. Leavy. (NATO AGARD 9th 

ind-Tunnel & Model-Testing Panel, Brussels, 
Aug. 27-31, 1956.) NATO AGARD Rep. 70, 
Aug., 1956. 31 pp. Description of the require- 
ments, design, and construction of the Avro 27 
in. X 30 in. intermittent blow-down tunnel. 


The Hypersonic Facility of the Polytechnic 
Institute of Brooklyn and its Application to 
Problems of Hypersonic Flight. Antonio Ferri 
and Paul A. Libby. (VATO AGARD Rep. 136, 
July, 1957.) USAF WADC TR 57-369 {AD 
130809}, Aug., 1957. 47 pp. 22 refs. 


The Light Gas Hypersonic Gun Tunnel at 
A.R.D.E., Fort Halstead, Kent. R.N, Cox and 
D. F. T. Winter. (NATO AGARD 11th Wind- 
Tunnel & Model-Testing Panel, Scheveningen, 
July 8-12, 1957.) NATO AGARD Rep. 139, 
July, 1957. 24 pp. Description of the tunnel, 
including a discussion of its instrumentation and 
presentation of some flow-quantity measure- 
ments. 


Tube Wind Tunnel—A Special Type of Blow- 
down Tunnel. H. Ludwieg. (NATO AGARD 
11th Wind-Tunnel & Model-Testing Panel, 
Scheveningen, July 8-12, 1957.) NATO AGARD 
Rep. 143, July, 1957. 11 pp. Description of a 
tunnel, the air container of which consists of a 
long cylindrical tube. A constancy of stagna- 
tion pressure and temperature is reached without 
use of any control valve and heat accumulator 


by pre-accelerating the air with an expansion — 


wave. 


Preliminary Considerations for a Hypersonic 
Test Stand. Appendix A—Derivation of the 
Test Stand and Vacuum System Pressure Ratios. 
Appendix B—Derivation of the Condensation 
Limit Curve for Variable Specific Heats Ratio. 
Appendix C—Derivation and Analysis of the 
Test Stand Running Time. Appendix D—Deri- 
vation of the Reynolds Number Equation. 
Charles A. Scolatti and Anthony W. Fiore. 
USAF WADC TN 57-343 [AD 142239], Oct., 
1957. 64 pp. 41 refs. Description of a tunnel 
which will operate at stagnation temperatures 
ranging from 1,100°R. to 3,000°R. and at stag- 
nation pressures ranging from 100 psia to ap- 
Tyre 2,500 psia over a Mach range from 


8.0 to 15.0. 


Hypersonic Shock Tube ee at the 
National Physical Laboratory, U. K. D. L. 
Schultz and B. D. Henshall. (NATO AGARD 
11th Wind-Tunnel & Model-Testing Panel, 
Scheveningen, July 8-12, 1957.) NATO AGARD 
Rep. 147, July, 1957. 23 pp. Description of the 
device giving a Mach Number of approximately 
nine. Performance charts illustrating full-scale 
flight conditions are presented, and a unified 
pana ad timing and recording system is de- 
scribed. 


Nozzle and Contraction —y of the R.A.E. 
3ft. X 3ft. Supersonic Wing Tunnel. A. Stan- 
brook. Gt. Brit., ARC CP 375, 1957. 9 pp. 
BIS, New York, $0.36. 


Minimum Length of a Shock-Tube, for Given 
Working Times. Lucian Dumitrescu. (Stud. 
Cerc. Mec. Aplic., Apr.-June, 1956, pp. 337-353.) 
Rev. Méc. Appl., No. 1, 1957, pp. 61-77. 


Turbulence Measurements in Supersonic Flow 
with the Hot-Wire Anemometer. B. Wise and 
D. L. Schultz. Gt. Brit., ARC CP 366 (Dec., 
1955) 1957. 27 pp. 12 refs. BIS, New York, 
$0.72. Description of apparatus capable of 
separating the mass flow and stagnation tem- 
perature fluctuation in free-stream turbulence. 


Air Supply for Blow-Down Wind Tunnels. 
E. J. Stollenwerk. (NATO AGARD 9th Wind- 
Tunnel & Model-Testing Panel, Brussels, Aug. 
27-31, 1956.) NATO AGARD Rep. 88, Aug., 
1956. 19 pp. Description of an air-supply 
system for E-1 tunnel at Arnold Engineering 
Development Center. Emphasis is placed on 
problems of air storage and pressure control, flow 
equalization downstream of the control valve, 
and temperature control. 


Loads on a Model During ot and Stop- 
ping of an Intermittent Supersonic Wind Tunnel. 
K. G. Winter and C.S. Brown. (VATO AGARD 
9th Wind-Tunnel & Model-Testing Panel, Brus- 
sels, Aug. 27-31, 1956.) NATO AGARD Rep. 
65, Aug., 1956. 16 pp. Measurements given for 
the loads on a model during starting and stop- 
ping at Mach Numbers of 2.00 and 2.48. The 
use of a model loading coefficient in terms of 
tunnel stagnation pressure is proposed. 


Transonic Wind Tunnel Testing Fosbnienee. 
I—Historical and General Introduction. hf 
Vessey. II—Design and Operational Problems 
of the Transonic Jet-Driven Wind Tunnel. 
J. A. Kirk. II—Design and Operational Prob- 
lems of the Electrically-Driven Transonic Wind 
Tunnel. R. Hills. IV—Some Aspects of Tran- 
sonic Tunnel Operation in Industry. F. E. Roe. 
V—The Assessment of Results Obtained in 
Transonic Wind Tunnels. F. O’Hara. VI— 
Summary of the Discussions. John A. Dunsby. 
RAeS J., Jan., 1958, pp. 1-31. "15 refs. 
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IAS News (Continued from page 25) 


e Bendix Aviation Corporation... Pacific 
Division has opened an analog computing 
facility in the Systems Analysis Branch, 
the firm announced. 


e Consolidated Controls Corporation has 
bought the Aircraft Products Division of 
Manning, Maxwell & Moore, Inc., and 
has named three new district sales man- 
agers: Robert L. Hogan, mid-continent 
district out of Tulsa; Lamar F. Kirby, 
southeast at Atlanta; and Arthur H. 
Barnes, Pacific coast at Los Angeles. 


eCornell Aeronautical Laboratory, Inc., 
reports that it is developing an airborne 
control system for the Lacrosse missile and 
lightweight launching and handling equip- 
ment in order to make the system trans- 
portable by helicopter. 


e The Garrett Corporation has announced 
the appointments of Jack Lewis to the 
newly established position of Director, 
Manufacturing, and Vice-President Frank 
Miles to head the firm’s Sales Divisions. 


@ General Dynamics Corporation. . . Con- 
vair Division has announced the election 
of J. V. Naish as President of the division 
and Senior Vice-President of the firm. He 
succeeds retiring Gen. Joseph T. Mc Narney 
who will continue with the firm as a con- 
sultant and member of the Board of 
Directors. Major assembly of the Con- 
vair 880 began on April 10, the firm an- 
nounced. ... Stromberg-Carlson Division 
reports that plans are completed for an 
automation data service to supply operat- 
ing tapes for numerically controlled ma- 
chine tools. 


@General Electric Company’s Missile 
Guidance Section has opened a Western 
District Office at 6607 W. 80th St., Los 
Angeles. ... Fred W. Newman has been 
named Manager, Aircraft Product Serv- 
ice, Instrument Department... . James 
E. Schwartz has been reassigned as Man- 
ager, Northwestern District, Aviation and 
Defense Industries Sales Department. 
James J. Bingham filled his former post as 
Manager, Southwestern District. 


© General Precision Equipment Corpora- 
tion... Kearfott Company, Inc. (western 
division) has announced the appointment 
of Leslie G. Davidson to the Sales Engi- 
neering Staff and named the Bertram D. 
Aaron Company, of Los Angeles, engi- 
neering sales representatives for southern 
California. ... Link Aviation, Inc., Board 
of Directors has elected Robison Clark 
Controller. 


eG. M. Giannini & Co., Inc., has named 
Raymond G. Hanson, Jr., Manager— 
Sales Promotion and Advertising. Walter 
Helms has been appointed Chief Engineer, 
Transducer Division, Pasadena, Calif. 


@ Lockheed Aircraft Corporation has an- 
nounced the appointment of M. Carl Had- 
don as California Division Director of 
Marketing. Haddon formerly was Chief 
Engineer of the division. . . . Georgia Divi- 
sion rolled out the second JetStar proto- 
type in March and named N. A. Keller 
JetStar Project Engineer. 
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e Marquardt Aircraft Company has an- 
nounced the appointments of Robert K. 
Wead and Paul J. Papanek as Assistant 
Directors, Customer Relations. ... Don L. 
Walter, Vice-President—Engineering and 
Van Nuys Operations, has been named 
Chairman of the NACA subcommittee on 
engine performance and operation and a 
member of the power-plants committee. 
Other Marquardt engineers serving on 
NACA subcommittees are John A. Drake, 
ASTRO Director—internal flow; William 
G. Bennet—combustion; and R. T. 
Dungan—power-plant controls. 


e@ North American Aviation, Inc. ... Auto- 
netics Division has announced the appoint- 
ment of Walker M. Mahurin as Divi- 
sional Representative, Western Region 
Office. 


e Northrop Aircraft, Inc., reports that the 
company’s President and chief executive 
officer, Whitley C. Collins, has been 
elected a member of the board of trustees 
of California Institute of Technology. ... 
Nortronics Division has established two 
major operating elements—an Electronic 
Systems and Equipment facility at Haw- 
thorne, Calif., and a Systems Support 
facility at Anaheim. Heading the first 
facility is Frederick Stevens, formerly 
Chief, Missile Guidance and Controls. 
Thomas H. Quayle, formerly Manager, 
Northrop-Anaheim, heads the Systems 
Support organization. Ross F. Miller has 
been appointed Chief Engineer, Electronic 
Systems and Equipment. 


® Reaction Motors, Incorporated, reports 
that it is stepping up development of the 
rocket engine for the X-15. The firm has 
assigned the name Pioneer to the engine. 


@ Republic Aviation Corporation reports 
that eleven of its F-105’s are undergoing 
tests at four different corners of North 
America. 


@Solar Aircraft Company has licensed 
three divisions of Carrier Corporation to 
manufacture and use a number of its 
special Alcermet protective coatings on 
heating and water heating equipment, the 
firm announced. 


@ Sperry Gyroscope Company Division of 
Sperry Rand Corporation has announced 
formation of a new Countermeasures Divi- 
sion and the appointment of Norman L, 
Winter as Manager. Edward M. Brown 
has been named Treasurer of the firm. 


@Union Carbide Corporation... Linde 
Company has announced an agreement 
with Detroit Steel Corporation in which 
Linde will build an automatic oxygen 
plant at Detroit's Portsmouth, Ohio, 
operations. 


@ United Aircraft Corporation... Pratt & 
Whitney Aircraft has announced that it 
will supply a jet engine for primary 
power for a new USAF air-to-surface 
missile— North American’s Hound Dog. 


© United States Rubber Company... Tire 
Division announced that it will install a 
7-ton-wheel, tire-testing device that will 
spin at 300 m.p.h. at its Detroit tire 
development laboratory for testing air- 
craft tires. The firm also announced the 
formal opening of its branch at 5900 First 
Ave. South, Seattle, Wash. 


@ Vertol Aircraft Corporation reports that 
its Model 44 transport has been certificated 
by the CAA. 


e@ Westinghouse Electric Corporation has 
established in Baltimore a new applied 
research laboratory for the development 
of radically new electron devices, ad- 
vanced-type tubes, solid-state devices, 
microwave tubes, and information stor- 
age tubes. G. Ross Kilgore, formerly 
Director, Army Signal Corps’ Electron 
Device Division, was named Manager of 
the laboratory. 


The 59K is called a ‘‘unique and radical VTOL aircraft’’ by Piasecki Aircraft Corporation 
ys a, the firm developing it for the Army Transportation Research and Engineering Command. All 
se major components—dual engine power plant, rotors, and controls—are said to be housed com- 
eS See pactly in the flat, low chassis. Lift is derived from two horizontal three-bladed rotors, just 3 
eee ft. above the ground. Piasecki reports extensive ground tests were conducted on a strain-gaged 
a balance rig, mounted on the bed of a large trailer truck. 
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OF A SERIES 


New Olds-developed machine 
makes wheel balancing three 
times more accurate! 


Out-of-balance wheels and tires are 
not only a source of annoyance and 
tire wear, but also in extreme cases, 
a detriment to safety by causing ex- 
cessive shimmy at higher speeds. 


To virtually eliminate this problem, 
Oldsmobile engineers, in conjunction 
with the General Motors Research 
Section, have developed a machine 
that automatically balances every 
wheel and tire with a degree of pre- 


OLDSMOBILE > 


cision not previously possible on a 
production basis. With this equip- 
ment, balancing is now accurate to 
2 inch-ounces, or approximately three 
times more precise than before. 


The heart of such accuracy is an auto- 
matic electronic computing device. 
After the tire and wheel are located 
on a delicate sensing table, supported 
on an air bearing, four differential 
transformers signal the out-of-bal- 
ance to an electronic computor. This 
computor then resolves the vector 
forces and a signal of the proper mag- 
nitude and direction is transmitted 
to the stamping head which automati- 


TIPPING THE BALANCE IN YOUR FAVOR 


cally revolves to the correct location 
on the wheel. The stamping head then 
prints the correct weight, accurate to 
.25 ounce. The entire assembly is 
then moved to a station where the 
weights are attached. 


It has often been said that “Olds 
really knows how to put a car to- 
gether.” This reputation grew from 
a sincere concern for just such little- 
noticed details. A warm welcome 
awaits you at your Olds dealer’s. He in- 
vites you to try a °58 Olds on the road. 


OLDSMOBILE DIVISION 
GENERAL MOTORS CORP. 
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tas News 


IAS Sections 


Dayton Section 


Sputnik Only a Part 
of IGY Program 


To the scientist, the Russian and Ameri- 
can satellites are a contribution rather 
than the most important part of the IGY 
program, according to Richard W. Porter, 
a Consultant to General Electric Com- 
pany. Dr. Porter spoke to 400 members of 
the Section and the Dayton Engineers 
Club on January 22. 

He went on to explain the purpose and 
specific objectives of the IGY. He also 
reviewed the details of world-wide par- 
ticipation by various nations. 


Joun S. McCottom, Secretary 


Hampton Roads Section 


Water-Based MATS 
and the SeaMistress 


Guy Mallery, Advanced Design Depart- 
ment Project Engineer, The Martin Com- 
pany, presented ‘‘The Case for Water- 
Based Air Logistics” at the February 4 
meeting. 

Mr. Mallery described SeaMistress air- 
craft around which Martin has developed 
a logistics concept for modern limited 
ground wars. The aircraft is in the Mach 
0.9 speed range, has a span of 200 ft., wing 
area of 6,000 sq.ft., normal gross weight of 
250 tons, payload of 50 tons over a 3,500 
nautical mile range, capability of landing 
in 10-ft. waves, and is powered by eight 
J-75 jets. 

He said that the SeaMistress uses a new 
type of plastic on the hull bottom which 
permits it to land and take off on snow or 
ice without damage. Ice build-up on the 
afterhull in cold water is no problem be- 
cause jet exhaust turns water spray to 
steam. 

Mr. Mallery said a fleet of 1,000 Sea- 
Mistresses can move three divisions, 
including their heaviest equipment, in 
about 15 days compared to 45 days by 


ship and 25 days for the current MATS 
fleet of 900 planes. 


A. HunTER, Secretary 


Rocky Mountain Section 
Cryogenics in Aeronautics 


Seventy-three members and_ guests 
heard Richard Bosworth discuss the rela- 
tion between aeronautics and cryogenics 
at the February 5 meeting. Mr. Bos- 
worth, Manager, Beech Aircraft’s Boulder 
Division, shared the rostrum with Dean 
Holben who outlined Beech’s activities in 
cryogenics. 

Later, members visited the National 
Bureau of Standards Boulder Laboratory 
inspecting cryogenics, radio propagation, 
and radio standards facilities. 

D. A. Know ton, Secretary 


San Antonio Section 
Search for Scholars 


Members put to work plans for finding 
gifted high school students Feb. 18-20 
when a special subcommittee of the 
Student Activities Committee surveyed 
preliminary activity at a local science fair. 

The subcommittee evaluated some of 
the exhibits in an attempt to recognize 
young talent. Another survey was sched- 
uled for March 14. 

Colonel Leigh H. Hunt, USAF, Section 
Chairman, initiated the idea after discus- 
sion with other Section Chairmen at the 
IAS 26th Annual Meeting. The plan has 
been motivated by the Federal project for 
providing funds for 40,000 additional 
scholarships. 
> Colonel Jarvis P. Jones discussed 
‘‘Human Engineering”’ at the February 14 
meeting at Lackland AFB Officers Club. 
He described the training of recruits and 
officers at Lackland using charts to show 
how 120,000 men are processed each year. 


Cov. LercH H. Hunt, Chairman 


Texas Section 


Air Force Flight Safety 


Colonel J. C. Bailey, USAF, spoke on 
‘Aircraft Safety” at the January 24 meet- 
ing. Colonel Bailey is Deputy Director, 
Flight Safety Research. 

He said that the Air Force accident rate 
decreased steadily except when the Army 
flew the mails and during the World War II 
expansion and demobilization. Material 
failure, a cause of bad accidents, has in- 
creased from 28 per cent to 41 per cent 
since 1954. During the same period, pilot 
error has decreased from 57 per cent to 49 
per cent, he said. 

M. V. Riccrus, Secretary 


Tullahoma Section 
Ideal Inlet Design 


A. C. Frazer, Supervisor, Internal 
Aerodynamics, Northrop Aircraft, Inc., 
discussed ‘‘Supersonic Inlet Design’’ at the 
February 26 dinner meeting. 

His topic covered the necessary design 
for matching inlet ducts to turbojet 
engines to achieve maximum engine thrust 
and minimum aircraft drag. 

H. A. REICHMANN, JR., Secretary 


Washington Section 


Turbine Transports 
Force CAA Growth 


The government’s view of ‘Turbine 
Transports in Civil Operation” was given 
by James T. Pyle, Administrator, Civil 
Aeronautics Administration, at the No- 
vember 12 meeting. 

He reviewed problems arising from the 
introduction of turbine transports telling, 
in some cases, how they will be solved. 
Current Operations and Airworthiness 
Regulations will be amended to handle the 
wide speed range spread of newer aircraft, 
variation of power with ambient tempera- 
tures, emergency procedures for fuel 
dumping, and other related activities. 

Mr. Pyle outlined the current CAA pro- 
gram which calls for $810 million expendi- 
ture on hardware, training 2,500 new per- 
sonnel each year, and the tripling of 
ground aids to navigation at all altitudes, 
between 1957 and 1962. 


FLoyp J. SWEET, Secretary 


in the Aero/Space Industry. 
ience in requesting additional information. 


Make It a Habit—Use the “New Products Section” Every Month 


Keep Posted on New Aircraft & Missile Products and Product Literature 


Make it a habit to check Aero/Space Engineering's “New Products Section’’ every 
month. Located at the end of each issue, it contains a complete review of all recently announced 
new product developments and product literature of special interest to the engineering professions 
Handy postage-paid Inquiry Cards are included for your conven- 
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. . . inthe field of aeronautical engineering and space technology 


AERODYNAMICS 


Theorie schallnacher Strémungen (Theory of 
Transonic Flow). K.G. Guderley. Berlin, Gét- 
tingen, Heidelberg, Springer-Verlag, 1957. 376 
pp., figs. DM 42.-. In German. 

The present volume, which presents a connected 
account of the theory of transonic flow, takes into 
account the body of definite knowledge acquired 
in this area since World War II. Transonic flow, 
the transition from subsonic to supersonic flow, 
creates special difficulties from both the physical 
and the mathematical points of view; research in 
this field is accordingly characterized by an espe- 
cially close interweaving of physical and mathe- 
matical thought. More space has been devoted 
in the book to mathematical considerations than 
is usual in dealing with flow problems since it is 
necessary, in treating of transonic flow, to rely 
more on fundamentals and to obtain a more re- 
fined mathematical treatment than subsonic or 
supersonic flows require. 

The author considers that the objectives of his 
work will have been attained if, on the one hand, 
it will give the aerodynamicist an understanding 
of the mathematical methods and conclusions of 
transonic flow theory and, on the other, it will 
point out to the applied mathematician the 
mathematical problems that have been posed by 
the physical problem, with the result that he will 
be able to close up existing gaps, to simplify the 
progression of his thought, and to enrich the field 
with new methods. To keep the book from being 
too extensive, the author has omitted certain in- 
vestigations that can be readily consulted in the 
literature: the discussion of the existence of a 
potential flow in a supersonic region enclosed by 
a subsonic region and the characteristic features 
of a lifting wing theory in the transonic region. 

Contents: (1) General Fundamentals. (2) Sim- 
plification of the Differential Equations of Flow; 
Similarity Law for Transonic Flows. (3) Lin- 
earized Treatment of Transonic Flows. (4) 
Exact Solutions of the Potential Equation for 
Transonic Flows. (5) The Fundamentals of the 
Hodograph Method. (6) Discussion of Transonic 
Flow Fields with the Aid of the Hodograph. (7) 
Particular Solutions of the Tricomi Equation. 
(8) Flows with Mach Number Equal to Unity. 
(9) Flow Fields Differing Only Slightly from a 
Flow with Mach Number Equal to Unity. (10) 
Individual Investigations Utilizing the Particular 
Solutions of the Form (Eq. 3, Sect. 3, Chap. 7). 
(11) Axially Symmetric Flows. Literature Index. 
Subject Index. 


AERONAUTICS, GENERAL 


First Flights. Oliver Stewart. London, Rout- 
ledge and Kegan Paul, Ltd.; New York, Pitman 
Publishing Corporation, 1957, 1958. 225 pp., 
illus., diagrs. $5.50. 

Each of the flights recorded is distinguished 
either by its practical application of important 
technical innovations or by its extension of the 
uses of civil or military aircraft. 


AIRCRAFT 


Proceedings of the Florida Conference on High- 
Speed Aerodynamics and Structures. Held at 
the University of Florida, Gainesville, January 
21-24, 1957. Vol. 1. (ARDC Technical Report 
57-46, ASTIA No. 113,003.) Sponsored by the 
Air Research and Development Command, The 
Glenn L. Martin Company, Northrop Aircraft, 
Inc., and the University of Florida. Baltimore, 
Martin, 1957. 190 pp., illus., diagrs., tables. 

Contents: The Effects of Dissociation and Ioni- 
zation on Hypersonic Couette Flow, H. W. Liep- 
mann and Z, O. Bleviss. A New Method for 
Providing Continuous High-Temperature Air 
Flow for Hypersonic Research, A. Hertzberg and 
R. Weatherston. Temperature Distributions in 
Composite Structures, J. F. Lundeberg. Design 
Requirements and Laboratory Simulation of the 
Kinetic Heating of Aircraft Structures, J A 
Taylor. The Estimation from Simple Tension 
Data of Creep Rupture Characteristics in the 
Presence of Initial Complex Stress Gradients, J. 
W. Freeman and H. R. Voorhees. Effect of 
Prior Creep on Mechanical Properties of Aircraft 
Structural Metals, J. V. Gluck, H. R. Voorhees, 
and J. W. Freeman. Materials Evaluation and 
Design Criteria, G. Sachs and K. N. Tong. Me- 
chanical Property Data Requirements for New 
Weapons Systems, D. A. Shinn and R. F. Klinger. 
Thermal Property Data Requirements for New 


Weapons Systems, J. I. Wittebort. Factors of 
Safety in the Presence of Creep, N. J. Hoff. Lift 
and Drag Forces on Cone-Cylinder Bodies in a 
Rarefied Gas, S. A. Schaaf and T. Nark. Some 
Research on Short and Long Time Thermal Ef- 
fects, G. Gerard. Determination of Inelastic 
Stresses at Elevated Temperatures by Strain 
Analysis, B. E. Gatewood. Thermal Stress 
Analysis by Energy Methods, L. A. Riedinger. 
The Creep of Structural Joints, L. Mordfin. Sim- 
plified Equations for Calculating Local and Total 
Heat Flux to Non-Isothermal Surfaces, E. R. G. 
Eckert, J. P. Hartnett, and R. Eichhorn. A Pro- 
cedure for Calculating the Boundary-Layer De- 
velopment in the Region of Transition from Lam- 
inar to Turbulent Flow, J. Persh. Effects of Ex- 
treme Surface Cooling on Boundary-Layer Tran- 
sition, J. R. Jack, N. S. Diaconis, and R. J. 
Wisniewski. 


CHEMISTRY 


Surface Chemistry, Theory and Applications. 
2nd Ed. J. J. Bikerman. New York, Academic 
a Inc., 1958. 501 pp., illus., diagrs., tables. 


This second edition of a book published 10 years 
ago as “Surface Chemistry for Industrial Re- 
search’’ treats surface chemistry as a part of phys- 
ical chemistry and stresses its relationship to all 
other parts and to physics and chemistry in gen- 
eral. Material included in the book has been 
grouped under such main headings as liquid-gas, 
liquid-liquid, solid-gas, solid-liquid, solid-liquid- 
gas and solid-liquid-liquid, and electric surface 


phenomena. The author is with the Massachu- 
setts Institute of Technology. 


COMBUSTION 


Chemistry Problems in Jet Propulsion. S. S. 
Penner. (International Series of Monographs on 
Aeronautical Sciences and Controlled Flight.) 
New York, Pergamon Press, 1957. 394 pp., 
diagrs., tables. $12.50. 

Written to give research workers some under- 
standing of principles utilized in sciences outside 
of their major field of specialization, this book 
varies in emphasis between qualitative surveys 
and more detailed discussions of selected topics. 
The work on atomic and molecular structure aims 
at providing a sensible appreciation of modern 
concepts derived from application of wave me- 
chanics. The subject of combustion thermody- 
namics is treated in detail to enable students to 
learn to predict optimum performance of propel- 
lants in rocket engines. The last part of the book 
is devoted to a discussion of chemical reactions in 
flow systems. 

The author is Professor of Jet Propulsion, 
Daniel and Florence Guggenheim Jet Propulsion 
Center, California Institute of Technology. 


CONTROL SYSTEMS 


Feedback Control Systems. Otto J. M. Smith. 
New York, McGraw-Hill Book Company, Inc., 
1958. 694 pp., diagrs., tables. $13.50. 

Intended for the first year of graduate study, 
this textbook presents a unified philosophy for the 


NEW REPRINTS 


In preparation 


AUTOMATIC CONTROL 
Vols. 1-6, 1954-1957 
Single volumes, paper bound 


CONTROL ENGINEERING 
Vols. 1-2, 1954-1955 
Single volumes, paper bound 


JOURNAL OF THE 
AERONAUTICAL SCIENCES 
Vols. 1-8, 1934-1941 
Vol. 13, 1946 

Single volumes, paper bound 


JOURNAL OF APPLIED 
MECHANICS 
Vols. 1-18, 1933-1951 
Paper bound set.......approx. $225.00 
Single volumes, paper bound 


MISSILES AND ROCKETS 

Vol. 1, 1956, paper bound .......$20.00 

Vol. 2, 1957, paper bound ......-$35.00 
Single issues, paper bound ..$3.75 each 

Vol. 3, No. 1, paper bound .......$3.75 

Vol. 3, No. 2, paper bound .......$3.75 


NUCLEONICS 
Vols. 11-13, 1953-1955 
Single volumes, paper bound 
approx. $30.00 each 


Now Available 


ELECTRONICS 
Vols. 1-10, 1930-1937 
Cloth bound set............ $140.00 
Paper bound set........... 130.00 
Vols. 1-5, 1930-1932 
Cloth bound set.......... 
Vols. 6-10, 1933-1937 
Cloth bound set.......... 


ENGINEERING INDEX 
1950 volume, cloth bound..... $ 85.00 


NUCLEONICS 
Vols. 1-10, 1947-1952 
Cloth bound set............ 
Vols. 1-9, 1947-1951 
Single volumes, 
paper bound............16.00 each 
Vol. 10, 1952, paper bound... 25.00 


60.00 
80.00 


$190.00 


Complete list of reprints available upon request 


JOHNSON REPRINT CORPORATION 


111 Fifth Avenue, New York, 3, New York 
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Recent WILEY Books 


Just out! 
The first volume of 
an important new work 
1. AIRCRAFT AND 
MISSILE PROPULSION 


Volume | 


Thermodynamics of Fluid Flow and Application to Propulsion Engines 


By M. J. ZUCROW, Purdue University 


This is the initial volume of a three-volume work designed to give you a better understanding of 
the fundamental principles governing the functioning and operating characteristics of engines 


used to propel winged aircraft and missiles, both guided and unguided, at high speeds. 


Volume I 


discusses the thermodynamics of fluid flow, and its application to propulsion engines. 


These original features help you follow the subject matter with ease: 
© The nomenclature for a chapter precedes the chapter. 


© All derivations are explained in detail. 


® An unusually large number of illustrative problems are worked completely. 
© Numerous exercise problems are included with their answers. 

®@ Tables or figures needed for solving problems are provided. 

®@ References at the end of each chapter guide you in further study. 


1958 538 pages 


2. THE METALLURGY 
OF VANADIUM 


By WILLIAM ROSTOKER, Armour Research 
Foundation 


The latest information on this interesting metal. 
This up-to-date progress report explores the 
potential usefulness of vanadium, and provides 
a comprehensive treatment of its extraction, 
properties, and processing. If you are seeking 
new materials for specific applications, you will 
find this book a handy reference. A publication 
in the Wiley Series on the Science and Technology 
of Materials: J. H. Hollomon, Advisory Editor. 
1958. 185 pages. $8.50 


3. CENTRIFUGAL AND AXIAL 
FLOW PUMPS: 


Theory, Design, and Application—Second 
Edition 

By A. J. STEPANOFF, Ingersoll-Rand Company 

A new edition, revised, expanded, and brought 
up to date. Major additions include: a new 
chapter, Water Hammer Problems in Centrifugal 
Pump Systems; new material on centrifugal- 
jet pump systems; a thermal cavitation cri- 
terion to correlate cavitation data on the basis 
of physical and thermal properties of liquids; 
numerous design refinements; etc. 1957. 462 
pages. 


| 


Illus. $11.50 


4. BORON, CALCIUM, CO- 
LUMBIUM and ZIRCONIUM 
in IRON and STEEL 


By A. GRANGE, Steel Corp.; 
F. HORTSLEEVE, D.C. HIL TY, W. O. BINDER, 
all of the Electro Metallurgical Co., G. T. MOTOCK, 
Olin Mathieson Chemical Corp.; and C. M. OFFEN- 
HAUER, the Electro Metallurgical Co. 

A concise summary of all the available data on 
four of the important alloying metals for iron 
and steel. Complete, accurate information, 
some of it for the first time in published form. 
The fourth publication in the Alloys of Iron 
Research New Monograph Series: Frank T. 
Sisco, Director. 1957. 533 pages. 207 illus. 
$14.00 


5S. THE SPECTROSCOPY OF 
FLAMES 


By A. G. GAYDON, Warren Research Fellow of 
the Royal Society 

A clear, authoritative treatment of important 
new experimental techniques for controlling 
flames and for exciting flame-type spectra, 
developed in the last decade. Techniques 
cover burners for flat diffusion and flat pre- 
mixed flames, flames supported by free atoms, 
flash photolysis, shock- ae excitation, and use 
of isotope tracer methods. 1957. 280 pages. 
Illus. 00 
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analysis and design of feedback systems in such 
varied fields as economics, sociology, government, 
conservation, biological populations, process con- 
trol, mechanics, or guidance. It is divided into 
four successive parts: Linear Analysis, Linear 
Synthesis, Steady-State Nonlinear Analysis, and 
Nonlinear Synthesis. The relationships are 
given between the open-loop transient, sinusoidal, 
or statistical response and the closed-loop tran- 
sient, sinusoidal, and statistical responses, any one 
of which may be the basis for the computation 
of the remaining five. 

The author is Professor of Electrical Engineer- 
ing, University of California, Berkeley. 

Basic Feedback Control System Design. C. 
J. Savant, Jr. New York, McGraw-Hill Book 
Inc., 1958. 418 pp., illus., diagrs. 


This book attempts to teach the fundamentals 
of servodesign by means of practical examples 
and from the student’s own point of view. The 
author makes several deviations from more con- 
ventional methods of presentation. One differ- 
ence is in the use of the root-locus method as a 
basic tool for servodesign. Another is to present 
servotheory and practical servodesign without the 
requirement of an elaborate mathematical back- 
ground. Problems are included at the end of each 
chapter. 

The author is Director of Engineering, Ameri- 
can Electronics, Inc., and Visiting Associate Pro- 
fessor of Electrical Engineering, University of 
Southern California. 


FLUID DYNAMICS 


Fluid-Dynamic Drag; Practical Information on 
Aerodynamic Drag and Hydrodynamic Resist- 
ance. Sighard F. Hoerner. The Author, 148 
Busteed Drive, Midland Park, N. J., 1958. 416 
pp., illus., diagrs., figs. $15. 

The present volume represents a completely 
revised and enlarged edition of the author’s 
Aerodynamic Drag which was published in 1951. 
In size, it has been substantially doubled, and 
five of the chapters are entirely new—those deal- 
ing with Wind Forces on Structures, Hydrody- 
namic Drag, Water-Borne Craft, Complete Air- 
craft, and Drag at Transonic Speeds. The title 
has been changed to reflect the additional material 
on hydrodynamics and water-borne craft. The 
compilation is extensive, and the available ma- 
terial on the subject is evaluated critically with 
correlation between experiment and theory. This 
reference work has been written with the needs of 
the engineer, researcher, and student in mind and 
should be useful not only to aeronautical engineers 
but also to those who must solve problems involv- 
ing aerodynamic or hydrodynamic drag. The 
whole field of transportation is covered, and the 
text is supplemented by close to 2,000 biblio- 
graphical references. The page size has been en- 
larged to 8!/2 by 11 in., and some 600 illustrations 
are included. Dr. Hoerner is at present acting as 
a specialist for aerodynamics and hydrodynamics 
= the field of naval architecture at Gibbs & Cox, 

ne. 

Contents: 1, General Information (Background, 
Notation). 2, Skin-Friction Drag (Including 
Laminar Airfoils). 3, Pressure Drag (Pre- 
dominantly Experimental). 4, Wind Forces on 
Structures (Wind Pressure). 5, Surface Irregu- 
larities (All Types of Roughness). 6, Drag of 
Streamline Shapes (Bodies and Foil Sections). 7, 
Drag Due to Lift (Primarily Induced Drag). §8, 
Interference Drag (Predominantly Statistical). 
9, Internal-Flow Systems (Engine Cooling Scoops). 
10, Hydrodynamic Drag (Including Cavitation). 
11, Water-Borne Craft (Ships, Planing). 12, 
Land-Borne Vehicles (Automobiles and Railroad). 
13, Aircraft Components (Canopies, External 
Stores). 14, Complete Aircraft (Performance). 
15, ggg of Compressibility (Drag Diver- 


mee 16, At Transonic Speeds (Base, Missiles). 
7, At Supersonic Speeds (Foils, Hypersonic 
Wings). 18, Drag at High Speeds Affected by 


Viscosity & Rarefaction (and at Highest Speeds). 
Subject Index. 


MATERIALS 


Dislocations and Mechanical Properties of Crys- 
tals; An International Conference Held at Lake 
Placid, September 6-8, 1956. Edited by J. C. 
Fisher, W. G. Johnston, R. Thomson, and T. 
Vreeland, Jr. Sponsored by the Air Force Office 
of Scientific Research, Air Research and Develop- 
ment Command, and by the General Electric 
Research Laboratory. New York, John Wiley & 
a Inc., 1957. 634 pp., illus., diagrs., tables. 


This presentation of the principal methods for 
observing individual dislocations is made up of 
contributions by 54 of the world’s authorities in 
the field. It reviews the parts of the field which 
are most complicated and least understood thus 
helping to clarify the present state of progress in 
the field. The book is divided into sections con- 
taining material on direct observations of disloca- 
tions; deformation of pure single crystals; work 
hardening and recovery; alloy crystals, impuri- 
ties, and yield point phenomena; dislocation 
damping and fatigue; the theory of dislocations; 
whiskers and thin crystals; and radiation damage. 

Kaiser Aluminum Sheet and Plate Product 
Information. 2nd Ed. M. B. Baker and J. M. 
Adle, Editors. 


Chicago, Kaiser Aluminum & 
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Chemical Sales, Inc., 1958. 308 pp., illus., 
diagrs., tables. 

Published for the use of designers, production 
personnel, engineers, and purchasing executives 
concerned with the fabrication of sheet and plate 
aluminum, this manual is designed to serve as a 
guide to the proper selection and use of aluminum 
sheet and plate alloys. It also outlines prelimi- 
nary considerations and fundamental factors of the 
various methods of aluminum fabrication. Many 
of the major methods of manufacturing and fabri- 
cation are briefly discussed for rapid analysis. 
Included are brief descriptions of sheet and plate 
production, composition and specifications of al- 
loys, their applications, fabrication and finishing 
methods, together with engineering data. The 
tables present listings of properties to simplify 
and speed reference work. : 


MATHEMATICS 


The Taylor Series; An Introduction to the 
Theory of Functions of a Complex Variable. P. 
Dienes. 552 pp., figs. $2.75. Reprint of the 
1931 edition. 

A Treatise on Plane and Advanced Trigonom- 
etry. 7th Ed. E. W. Hobson. New York, 
Dover Publications, Inc., 1957. 383 pp., diagrs. 
$1.95. Reprint of the 1928 edition entitled A 
Treatise on Plane Trigonometry. 


MECHANICS 


Dynamic Instability; Automobiles, Aircraft, 
Suspension Bridges. Y. Rocard. Translated 
from the French by M. L. Meyer. New York, 
Frederick Ungar Publishing Company, 1957. 
227 pp., illus., diagrs., tables. $9.50. 

In this book, the theory of dynamic stability is 
applied to various problems of sufficient technical 
practicality to warrant a comparison of theoretical 
and practical results down to numerical detail. 
To this end, the phenomenon of self-excitation 
due to coincidence of two natural frequencies is 
employed as a guide to an understanding of the 
general nature of dynamic instability. Chapters 
5, 6, and 7 are devoted to the author’s results for 
the three great problems of the directional insta- 
bility of automobiles, the instability of suspen- 
sion bridges under wind pressure, and flutter in 
aircraft wings while Chapter 8 summarizes the 
known work on the longitudinal stability of air- 
craft, particularly as treated by von Karman and 
Biot. 

The author is Professor in the Faculty of 
Science, University of Paris, and Director of the 
Physical Laboratory, Ecole Normale Supérieure. 


The Scientific Papers of Sir Geoffrey Ingram 
Taylor. Vol. 1, Mechanics of Solids. Edited by 
G. K. Batchelor. Cambridge, Eng., At the Uni- 
versity Press; New York, Cambridge University 
Press, 1958. 593 pp., illus., diagrs., tables. 
$14.50. 

A pioneer researcher into the mechanics of 
solids and fluids, G. I. Taylor has also been re- 
sponsible for considerable progress in related 
sciences such as aeronautics and meteorology. 
This first volume contains all of Taylor’s studies 
on the mechanics of solids, including papers on 
elasticity, plasticity, the properties of metals, and 
dislocation theory. A number of the papers 
(written for government departments or advisory 
committees) are here made generally available for 
the first time. The editor is at Trinity College, 
Cambridge. 


NUCLEAR ENERGY 


Sourcebook on Atomic Energy. 2nd Ed. Sam- 
uel Glasstone. Princeton, N.J., D. Van Nostrand 
Company, Inc., 1958. 641 pp., illus., diagrs., 
tables. $4.40. 

Prepared at the request of the Atomic Energy 
Commission, this enlarged and revised Sourcebook 
brings together important facts about the past 
history, current status, and the possible future of 
atomic and nuclear science. The work includes 
material on the identification of hitherto unknown 
fundamental particles, the transmutation of new 
elements, advances in the use of isotopes, and im- 
proved experimental techniques and equipment, 
as well as a new chapter on nuclear reactors. The 
author is a Consultant to the Atomic Energy 
Commission. 


Progress in Peaceful Uses of Atomic Energy, 
July-December 1957. United States Atomic 
Energy Commission. Washington, Superintend- 
ent of Documents, January, 1958. 463 pp., 
diagrs., tables. $1.25. 

he period covered by this report saw rapid 
progress in development of nuclear reactors to pro- 
duce electric power and in international coopera- 
tion. These gains, the Nation’s other atomic 
achievements for peaceful purposes since 1954, 
and the Commission’s contributions to those 
Sains are described in a special section, incorpo- 
rated in thisreport, entitled ‘‘Progress in the Peace- 
ful Uses of Atomic Energy—A 3-Year Summary.”’ 
In addition to Chapter I, which chronicles the 
actions and gains for 1957 and preceding years, 
Chapter II describes Progress with Radioisotopes; 
Chapter III, Progress with Power Reactors; 
Chapter IV, Growth of the Atomic Energy In- 
dustry; Chapter V, Progress in International 
Cooperation; and Chapter VI, Progress with 
Physical Research. 


PPLIED MATHEMATICS AND MECHANICS 
A Series of Monographs Prepared under the Auspices of the 
Applied Physics Laboratory, The Johns Hopkins University 
F. N. Editor-in-Chief 

Volume 1, 1956, 610 pp., illus., $12.00 Volume 3, April 1958, 514 pp., illus., 
approx. $16.00 : 

GAS DYNAMICS MATHEMATICAL THEORY OF 

By Kiaus Oswatrtscu COMPRESSIBLE FLUID FLOW 

English version by Gustav KuERTI By RicHARD VON MIsEs 

Completed by Hitpa GErRINGER and 

G. S. S. LupForp 
Volume 2, 1957, 353 pp., illus., $10.00 Volume 4,Summer1958,in preparation 


ITAL 
JETS, WAKES, and CAVITIES 
By G. BirkuorrF and E. H. Their Use in Science & Engineering 
ZARANTONELLO By F. L. Att 


Volume 5, Fall 1958, in preparation 
HYPERSONIC FLOW THEORY 


By Wattace D. Hayes and Ronap F. PRrossTEIN 


THREE DIMENSIONAL Advances in 
DYNAMICS APPLIED MECHANICS 
A Vectorial Treatment Edited by H. L. Drypen and Tx. 


By C. E. EastHore 
February 1958, 277 pp., illus., $7.80 


FATIGUE IN AIRCRAFT 


von KARMAN 
Volume 5, 1958, 459 pp., illus., $12.00 


STRUCTURES CTR 
Proceedings of the International Conference ome in ELE ONICS 
held at Columbia University, 1956 and ELECTRON PHYSICS 
Edited by A. M. FREUDENTHAL Edited by L. Marton 
1956, 456 pp., illus., $12.00 Volume 9, 1957, 347 pp., illus., $9.00 


4 ACADEMIC PRESS INC., Publishers 


111 Fifth Avenue, New York 3, New York 


ATTENTION ADVERTISERS 


YOUR BEST INVESTMENT 
IN 
ENGINEERING READERSHIP 
IS 


AERO/SPACE ENGINEERING 


The ONLY magazine serving the technical in- 
terests of professional engineers and design 
project teams currently developing Missiles, 


Rockets, Aircraft, Satellites, and Spacecraft. 
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MARTIN-DENVER 


has openings for Theoretical Aerodynam- 
icists to work on TITAN and Post-Titan 
weapon systems. Must have heavy ex- 
perience in boundary layer theory and 
gas dynamics. Secondary specialty 
in supersonic and hypersonic flow. Ex- 
perience must be in missiles; but part of 
experience may be in supersonic air- 
craft. Personal contribution to advanc- 
ing state of the art must be substantiated 
by papers in professional publications. 


MS required, Ph.D. desirable. 


Write giving complete details of educa- 


tion, experience (including personal 


technical accomplishments) and salaries 


earned to: 


DAVID POTTER, A-6 DIV. 
MARTIN-DENVER 
P. O. BOX 179 
DENVER 1, COLORADO 


5 


AERONAUTICAL ENGINEERS 
MECHANICAL ENGINEERS 


Permanent Positions with 
Sandia Corporation 
engaged in ordnance phase of nuclear weapons 
research and development for the AEC. 


We have openings for aeronautical or 
mechanical engineers, at all degree 
levels, with 2 to 4 years experience in 
analysis of systems or structures sub- 
jected to shock and/or vibratory 
loads. Interpretation of environ- 
mental data must generally be made to 
obtain input shockand vibratory loads. 
Evaluation of structures will often 
require use of differential equations 
and a knowledge of static and dynamic 
properties of various materials. I[n- 
vestigation of structures often involves 
test proposals to aid in analysis. 


Sandia Corporation is located in 
Albuquerque, N.M. A metropolitan 
city of over 200,000, Albuquerque is 
famous for its cultural and _ recrea- 
tional attractions, and for its excellent 
climate—mild winters, cool summer 
nights; year-round sunshine, and low 
humidity. You'll enjoy generous 
paid vacations and holidays, and 
benefit from liberal retirement, hos- 
pital, and insurance plans. Paid 
relocation allowance. Send résumé to 
Staff Employment Section 514. 


SAN DIA 


CORPORATION 


ALBUQUERQUE*NEW MEXICO 


Aero/Space Engineering 


May 1958 


POWER PLANTS 


1957 Aircraft Spark Plug and Ignition Confer- 
ence Report, Toledo, Ohio, September 24-26. 
Sponsored by Champion Spark Plug Company. 
Toledo, Ohio, Champion Spark Plug Company, 
1957. 112 pp., illus., charts. 

Contents: Spark Plug Service Experience. 
Spark Plug Fouling. Effects of Fuel & Lubri- 
cants on Spark Plugs. Recondition, Test & In- 
spection of Spark Plugs. Research and Develop- 
ment. Ignition Analyzers. Magnetos—Har- 
ness—Leads. Jet Ignition. Review of Cham- 
pion Aircraft Spark Plug Manufacturing Improve- 
ments. Research and Development Expansion 
Program. Résumé of Research and Develop- 
ment Activities. Index, 


PRODUCTION 


Ceramic Fabrication Processes. Edited by W. 
D. Kingery. Published Jointly by The Tech- 
nology Press of Massachusetts Institute of Tech- 
nology, and John Wiley & Sons, % New York, 
1958. 235 pp., illus., diagrs. $9.5 

The outgrowth of the 1956 Bh sen Summer Pro- 
gram in Ceramics at M.I.T., this book contains 
contributions by 22 scientists and engineers con- 
cerned with particular phases of ceramic process- 
ing. The contributors evaluate the significance 
of current developments and indicate probable 
directions of future progress. Thus the volume 
provides both the technical basis and present 
practice of ceramic fabrication and shows the re- 
lationship between principles and the art. Offer- 
inga comprehensiv e treatment of both traditional 
and novel ceramic methods, it covers such fabrica- 
tion steps as forming, firing, and resultant prop- 
erties as affected by fabrication. Consequently, 
a basis is provided for both selecting and using 
fabrication methods for problems arising in tradi- 
tional and new ceramic materials. 

The editor is Associate Professor of Ceramics, 

M.LT. 


Proceedings of the EIA Symposium on Numeri- 
cal Control Systems for Machine Tools, Los Ange- 
les, September 17-18, 1957. Sponsored by the 
Engineering Department of the Electronic In- 
dustries Association; With Participation by Air- 
craft Industries Association, National Machine 
Tool Builder Association, National Electrical 
Manufacturers Association, and Office Equip- 
ment Manufacturers Institute. New York, En- 
gineering Publishers, 1957. 106 pp., illus., diagrs. 

Contents: Opening Remarks, C. B. Thornton. 
Keynote Address, C. S. Irvine. Control System 
Definition, Oliver A. Foss. The Numericord 
System, Henry Ankeny. Digimatic Control 
System—tTechnical Description, Jack Rosenberg. 
Standardization in Numerical Control Systems, 
Joseph Harrington, Jr. The Bendix Tape Control 
System, Murray Kanes. General Electric Nu- 
merical Contouring Control, G. R. Peterson. The 
Cincinnati Numerical Control System, J. 
Morgan. The Giddings & Lewis Numericord, 
D. H. Bingham. Programming the ‘‘D’’ on the 
Digimatic System, Jack Rosenberg, M. R. Rosen- 
field, and Jerry Ostland. Bendix Tape Prepara- 
tion System, E. C. Johnson. Terminology of 
Tape Preparation for Tape-Controlled Machine 
Tools and Computer Programming, O. Dale Smith. 
Programming for the Cincinnati Numerical Con- 
trol System, Richard C. Messinger. Univac and 
Tape Preparation, D. A. Fauble. A Machine 
Tool Builder Looks at Numerical Control, Ralph 
E.Cross. Summary of AIA Activities in Numeri- 
cal Control, George E. Kinney. Developments in 
Electronic Control of Machine Tools, Edward E. 
Kirkham. 

Plastic Sheet Forming. Robert L. Butzko. 
New York, Reinhold Publishing Corporation, 
1958. 181 pp., illus., diagrs. $4.50 

Written to introduce the engineer and designer 
to the field of plastic sheet forming. this guide also 
provides an explanation of the various techniques 
of forming for the manufacturing technician. 
Instead of trying to provide technical answers to 
all the problems confronting the sheet forming in- 
dustry, it attempts to bring together all the scat- 
tered information in the field and present it in a 
useful form. Applications and other pertinent 
information related to plastic sheet forming are 
surveyed, and sheet forming use in over 14 dif- 
ferent kinds of products is explained. Also in- 
cluded are material selection, equipment, molds, 
sheet decoration, and costs. 

The author is a partner in the Auto-Vac Com- 
pany, an equipment producer for the plastic sheet 
forming industry. 


SPACE TRAVEL 


The Space Encyclopaedia; A Guide to Astron- 
omy and Space Research. Edited by M. T. 
Bizony and R. Griffin. New York, E. P. Dutton 
& Co., Inc., 1957. 292 pp., illus., diagrs., tables. 
$6.95. 

The subjects treated in this encyclopedia range 
from guided missiles and various aspects of upper 
atmosphere research to the composition and struc- 
ture of the remotest galaxies, but the emphasis, 
from an astronomical viewpoint, has been placed 
on the solar system. The articles on Astronomy, 
Cosmology and Radio Astronomy, and those on 
Suided Missiles and Rocketry are recommended 
as general introductions to their respective sub- 
jects. 


UPPER ATMOSPHERE 


The Threshold of Space; The Proceedings of 
the Conference on Chemical Aeronomy. Edited 
by M. Zelikoff. Sponsored by Geophysics Re- 
search Directorate, Air Force Cambridge Re- 
search Center, Air Research and Development 
Command, Cambridge, Mass., June 25-28, 1956. 
Coordinated by Wentworth Institute. New 
York, Pergamon Press, 1957. 342 pp., illus., 
diagrs., tables. $15. 

Contents: I, Atmospheric Photochemisiry— 
Earth and Venus. Chemistry of an Oxygen-Ni- 
trogen Atmosphere, C. A. Barth and J. Kaplan. 
Theory of the Night Airglow, D. R. Bates. Solar 
and Terrestrial Phenomena Resulting from Photo- 
electric Effect of Solar X-Rays, L. Vegard. A 
Discussion of the Reactions of Nitrogen and Ni- 


trogen Oxides in the Upper Atmosphere, P, 
Harteck. Nitrogen Oxides and the Airglow, M. 
Nicolet. A Study of the Airglow Emissions at 


5577, 5890 and 6300 A with a Photometer of High 
Spectral Purity, E. R. Manring and H. B. Pettit. 
Speculations on the Atomic Hydrogen and the 
Thermal Economy of the Upper Ionosphere, §. 
Chapman. The Formation of Ozone by Elec- 
trical Discharges in the Atmosphere: Experi- 
mental Results and the General Aspects, A. T. 
Vassy. The Atmosphere and the Cloud Layer of 
Venus, G. P. Kuiper. II, Spectroscopy and Photo- 
chemistry. Vacuum Ultrav iolet Spectra of the 
Afterglows of Pure Ne and a Mixture of Ne and 
Ox, Y. Tanaka, A. Jursa, and F. LeBlanc. Meta- 
stable States in Photochemistry, G. Porter. Pho- 
tochemistry of Nitrous Oxide in the Far Ultra- 
Violet, M. Zelikoff and L. M. Aschenbrand. Pho- 
todetachment of Atmospheric Negative Ions, L. 
M. Branscomb. The Photolysis of Water Vapor, 
H. A. Taylor and M.C. Chen. Radiation Chem. 
istry of the Nitrogen-Oxygen System at Low 
Pressures, S. Dondes. Mass-Spectroscopic De- 
termination of Photoionization Products, R. F. K. 
Herzog and F. F. Marmo. Recent Data on the 
‘Vacuum Sliding Spark’ Spectrum and its Use for 
Absorption Spectrophotometry in the Far Ultra- 
Violet, N. Astoin, J. Romand, and B. Vodar. 
Some Data on the Absorption Spectra of Gaseous 
N20, NO, and H:2O in the Extreme Ultra-Violet, 
N. Astoin, A. Johannin-Gilles, J. Granier-May- 
ence, and J. Romand. Vacuum _ Ultra-Violet 
Spectra and Molecular Ionization Resolution, K. 
Watanabe and J. R. Mottl. Autoionization Con- 
sidered in Relation to Excitation and Electron- 
Capture Processes, W. R. S. Garton. Termolec- 
ular Reactions and Chemiluminescence, A. D. 


Walsh. The Energy Levels of the Nitrogen Mole- 
culz, R.S. Mulliken. The 52 Level of the Nitro- 


gen Molecule, O. Oldenberg. Charge Transfer 
and the Mobilities of Positive and Negative Ions 
in Their Parent Gases, A. Dalgarno. Rotational 
Transition of Hydrogen Molecules by Collision, 
K. Takayanagi. Spectroscopic Studies of Solids 
Condensed at 4.2°K from Electric Discharge 
Through Nitrogen, Oxygen, Hydrogen, Water, 
and Ammonia, H. P. Broida. Abstract: Mass 
Spectrometric Study of the Kinetics of Nitrogen 
Afterglow, G. B. Kistiakowsky and J. Berkowitz. 
III, Rocket Probing of Upper Atmosphere. Far 
Ultraviolet Radiation in the Night Sky, E. T. 
Byram, T. A. Chubb, H. Friedman, and J. Kup- 
perian. The Dissociation of Oxygen at High Alti- 
tudes, E. T. Byram, T. A. Chubb, and H. Fried- 
man. Direct Measurements of the Night Air- 
glow, M. J. Koomen, R. Scolnik, and R. Tousey. 
Emission from Sodium Ejected from Rockets, J. 
F. Bedinger, S. N. Ghosh, and E. R. Manring. 
The Formation of an Artificial Ion Cloud: Photo- 
ionization of NO by Solar Lyman Alpha at 95 
Km, F. F. Marmo, J. Pressman, L. M. Aschen- 
brand, A. S. Jursa, and M. Zelikoff. A Synthetic 
Atmospheric Chemiluminescence Caused by the 
Release of NO at 106 Km, J. Pressman, L. M. 
Aschenbrand, F. F. Marmo, A. S. Jursa, and M. 
Zelikoff. IV, Phenomena Produced by Supersonic 
Flight. Some Problems in the AeroThermody- 
namics of Hypersonic Flight, W. H. Dorrance. 
Electric Potential in an Argon Shock Front, J. W. 

Bond, Jr. Absorption Coefficient of Air from 
2000°K to 18,000°K, R. E. Meyerott. Approach 
to Equilibrium Ionization Behind Strong Shock 
Waves in Argon, H. E. Petschek and S. Byron. 
Abstract: Vibrational Relaxation in Oxygen and 
Nitrogen, W. Bleakney. The Application of the 
Shock Tube to the Study of the Aerothermal 
Problems of High-Speed Flight, A. Hertzberg and 
J. G. Logan, Jr. Experimental Techniques for the 
Study of High-Speed Flight, Y. A. Yoler. Appli- 
cations of High Explosives in the Production of 
Extreme Velocities and Pressures, F. J. Willig. 
The Scientific Value of Shaped-Charge Particles 
in Upper Atmosphere Research, G. C. Throner 
and D. E. Shonerd. Molecular Beam and Glow 
Flow Visualization Studies, S. A. Schaaf, F. C. 
Hurlbut, and , Kunkel. Dissociation of 
Air Behind Strong Shock Waves, E. L. Resler, 
Jr., and B. B. Cary. Closing Remarks: M. 
Greenberg. List of Participants. 


VIBRATION 


John N. Macduff and 
New York, McGraw-Hill Book 
1958. 465 pp., diagrs., tables. 


Vibration Control. 
John R. Curreri. 
Company, Inc., 
$9.00. 


Written primarily for mechanical engineering 
students at the senior or first-year graduate level, 
this book discusses and indicates the practical as 


(Continued on page 161) 
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Personnel 


This section is for the use of individual members of the Institute 


seeking new connections and eligible organizations offering em- 
ployment to specialists in the aero/space industry. Any member 
or eligible organization may have requirements listed without 
charge by writing to the Secretary of the Institute. 


Wanted 


Aeronautical Engineering—Faculty position 
available in Department of Aeronautical Engi- 
neering. Applicant should have advanced de- 
ree and some teaching experience. Should be 
able to teach aerodynamics, stability and control, 
and aircraft design at graduate level. Academic 
rank and salary (GS-11 to GS-13) will be depend- 
ent upon qualifications of applicant. Address 
replies to: Dean G. R. Graetzer, School of Engi- 
neering, Air Force Institute of Technology, 
Wright-Patterson AFB, Ohio. 


Engineers (Aeronautical, Electrical, Electronic, 
Industrial, General, Mechanical, and Power- 
Plant), Electronic Scientists, Metallurgists, 
Physicists, Technologists—Vacancies exist for 
professional personnel in the above positions. 
Starting salaries range from $4,480 per annum to 
$8,645 per annum. The Naval Air Material 
Center is currently engaged in an extensive pro- 
gram of aeronautical research, development, 
experimentation, and test operations for the 
advancement of Naval aviation. Personnel are 
needed for work on projects involving modifica- 
tion, overhauling, and testing of aeronautical 
equipment, materials, accessories, power plants, 
launching and arresting devices, and for modifica- 
tion and structural testing of aircraft. They are 
also needed for work involving the basic design of 
catapults, launchers, arresting gear and~ their 
component parts; test and development work at 
shore stations and on board U. S. Navy ships, 
evaluation of new equipment and establishment 
of performance parameters, and applied research 
on the many problems relevant to this field. 
Interested persons should file an Application for 
Federal Employment, Standard Form 57, wi 
the Industrial Relations Department, Naval Air 
Material Center, Naval Base, Philadelphia 12, 
Pa. Applications may be obtained from the 
above address or information as to where they are 
available may be obtained from any first or 
second class post office. 


Assistant Project Weights Engineer—To 
handle preliminary design weight estimating, 
develop methods for estimating, and assist in 
controlling weight on aircraft designs. Prefer 

uate engineer or major in engineering sub- 
jects with 3 or 4 years’ applicabie experience. 
Aircraft Loads Project Lead ingineer—To super- 
vise the calculation of structural static and 
dynamic loads, determine structural design 
criteria, and develop methods for load analysis on 
manned aircraft designs. Bachelor of Science 
Degree in Aeronautical Engineering required, 
Master’s Degree preferred, 5 to 7 years’ related 
experience in aircraft loads work. Apply to: 
Supervisor, Aircraft Engineering Personnel, Bell 
Aircraft Corporation, Post Office Box One, 
Buffalo 5, N.Y. 


Aerodynamics Research Engineer—To fill 
position in engineering department of leader in 
air handling industry. M.S. in mechanical or 
aeronautical ‘engineering, five years’ experience 
in stress analysis and design of turbomachinery, 
and three years’ experience in internal aerody- 
namics of turbomachinery required. Applicant 
should have desire to fit into a small research 
group doing long-range development on centrif- 
ugal and mixed-flow compressors for commercial 
and industrial application. Salary open. Lib- 
eral benefits program. Contact: "ehetlagbaens 
Electric Corporation, Sturtevant Division, Damon 
Street, Hyde Telephone: Hyde 
Park 3- -3700, Ext. 3 


Professor, Aeronautical Engineering—Develop- 
ment of graduate program with possible headship 
of Department. Industrial salary scale, consult- 
ing opportunity. Ph.D. required. Address: 

an, School of Engineering, University of 
Wichita, Wichita 14, Kan. 


Assistant Professor and Instructor in Aeronau- 
ical Engineering— Positions are open for teach- 
ing and research in several subjects. An ad- 
vanced degree is required for the rank of. Assist- 
ant Professor. Send résumé of education, ex- 
perience, and field of interest to Chairman, 
Aeronautical Engineering Department, Univer- 
sity of Kansas, Lawrence, Kan. 


Engineers—Needed for expanding program of 
helicopter development. Airframe and controls 


designers, helicopter experience desirable; me- 
chanical designers, helicopter transmission or 
engine transmission experience desirable; instru- 
mentation and electronics engineers, particularly 
with experience in automatic stabilization and 
control of droned aircraft. Also test pilots with 
helicopter test experience. Write to: Personnel 
Director, Gyrodyne Company of America, Inc., 
St. James, Long Island, N.Y. 


Engineers—Fairchild Engine Division of the 
Fairchild Engine and Airplane Corporation, Deer 
Park, Long Island, N.Y. Diversified engineering 
positions are available involving engine research, 
design, design and performance analysis, test en- 
gineering, compressor and turbine design, controls 
systems, and other engineering operations associ- 
ated with the general field of design and develop- 
ment of gas turbine power plants. These oppor- 
tunities result from expanded programs in a new 
plant and gas turbine laboratory. Send ré- 
sumé to: Felix Gardner, Fairchild Engine Divi- 
sion, Deer Park, Long Island, N.Y. 


859. Head of Mechanical Engineering De- 
partment—Developing department in industrial 
city; new curriculum and laboratories being de- 
signed. Industrial salaries matched, oppor- 
tunity for consulting, Ph.D. or D.Sc. required. 


Available 


862. Publications Supervisor—B.S. and M.S.; 

7 years’ experience in most phases of publication 
work. Has been employed by airframe, engine, 
and research organizations. Supervised, as well 
as written, edited, and produced government 
specification handbooks, brochures, reports, dis- 
plays, etc. Record of quality work produced on 
schedule. Desires permanent position. 


861. Aerodynamicist—With extensive _re- 
search and development experience would like 
spare-time assignments involving editing tech- 
nical or popular scientific papers or translating 
French or German technical papers. 


860. Senior Thermodynamics Engineer—Age 
32. B.S.M.E. (Aero.), 1949. Eight years’ ex- 
perience in analysis and design of anti-icing and 
related systems. Systems include thermal anti- 
icing, thermal de-icing, and pneumatic boot 
installations with application to airfoils, wind 
shields, and air intakes. Heavy experience in 
the design of icing test models and conduction of 
tests in the prominent icing research tunnels. 
Also design and test experience with air condition- 
ing equipment, ejectors, air intakes, heat transfer 
and aerothermodynamic studies. Desires inter- 
esting and challenging work in a responsible posi- 
tion with a growing company. 


858. Assistant Professor—Teaching experi- 
ence of both undergraduate and graduate courses 
in aeronautical engineering department. Has 
engaged in extensive theoretical work. Desires 
more challenging position in teaching. 


857. Aeronautical Engineer—M.Ae.E. Age 
37; ex-chief engineer of leading Latin American 
airline, broad technical and administrative ex- 
perience. Also teaching experience at university 
level. Languages: English, Spanish, French. 
Desires field service, technical representation of 
company affording future and opportunity, or 
chair at university. Desired location: South 
America. 


The number preceding the notice 
represents the Box Number of the 
Institute of the Aeronautical Sciences 
to which inquiries should be addressed. 


May 1958 


856. Research and Development -Engineer— 
B.S., M.S. in E.E., Ph candidate. Seven 
years’ experience in automatic flight controls and 
dynamical analysis for aircraft and missiles. 
Extensive experience in ballistic missile area 
including re-entry dynamics. Licensed pilot. 
Desires challenging position and increased re- 
sponsibility in area of advanced flight vehicles 
and weapons systems. 


855. Engineer—B.5. in Ae.E. and M.E. One 
year experience as analytical engineer in perform- 
ance analysis of jet engines and gas turbines 
and 1 year experience in mechanical design of ma- 
chines. Résumé furnished on request. 


854. Engineer-Executive—Age 40, B.S.M.E., 
Purdue and Stanford Universities. Twelve 
years’ experience in aeronautical research, de- 
velopment, and test; years’ experience in en- 
gineering sales and "general industrial engineer- 
ing; licensed. Four years’ foreign work, Europe 
and Latin America, as engineer in Diplomatic 
Service; speaks French, Spanish, Italian. Rela- 
tively recently with research and engineering, 
Office of Secretary of Defense, Pentagon. Last 
position Assistant to Vice-President, Foreign 
Operations, top engineering-construction organi- 
zation. Former officer Marine Corps Aviation 
licensed pilot. Top level contact work past 1 16 
years. Available for foreign or domestic assign- 
ment any location and any amount of travel; 
married, no children. Interested particularly in 
engineering sales and/or management in position 
paying upwards of $18,000. Will send complete 
résumé on request. 


853. Aeronautical Engineer—Age 33; 16 
years’ aviation experience. B.S. Aero. Pres- 
ently production engineer on gas turbine aircraft 
engines. Desires shift to missile propulsion, 
static or flight testing. Résumé on request. 


852. Aerodynamics Engineer—Aircraft, mis- 
sile, and propulsion fields. Available for part- 
time consulting in New York area. Twelve years’ 
experience in subsonic and supersonic aircraft de- 
sign, ram-jet and turbo-jet performance and re- 
search. Interested in active engineering, tech- 
nical editing or technical adviser in research 
and/or development investment for domestic and 
European companies, in the areas outlined above. 
Résumé of educational, industrial, and research 
experience and accomplishments available on re- 
quest. 


851. Engineer—B.S. in M.E. Eleven years’ 
experience as stress, design, and project engineer 
on rotary wing aircraft; 12 years’ experience as 
stress and test engineer on fixed-wing aircraft. 
Desires position on East Coast where experience 
would be useful on varied assignments in air- 
craft or missile field with greater responsibility. 
Résumé furnished on request. 


+~+ + 


Books (Continued from page 158) 


well as the theoretical aspects of vibration control. 
It attempts to provide the student with basic 
theory and application in this area essential to an 
engineering understanding and comprehension of 
the fundamentals of the subject and to prepare the 
student for future study and development by 
pointing out limitations of the elementary theory 
and indicating problems and methods for ad- 
vanced study and application. The material pre- 
sented has been selected so as to have as broad a 
coverage of the field as possible, ranging from ele- 
mentary vibration theory through such specific 
studies as rotor balancing, vibration isolation, 
steady-state and transient response, and sound- 
control problems. In order to prepare the student 
for future development, the authors list the as- 
sumptions made in idealizing actual systems for 
purposes of analysis and indicate the effect these 
assumptions will have upon the practical results 
of their analysis. 

Mr. Macduff is Professor of Mechanical En- 
gineering, College of Engineering, Duke Univer- 
sity, while Mr. Curreri is Professor of Mechanical 
Engineering, Polytechnic Institute of Brooklyn. 
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% Specifications and further information on the missile, rocket, 
and aircraft products of these companies will be found in the 
1958 AERONAUTICAL ENGINEERING CATALOG 


The only publication devoted exclusively to the aircraft/missile industry, this 
CATALOG serves as a valuable buyers’ and reference guide to sources and 
specifications on aircraft and missile parts and materials. It is distributed 
annually to Chief Engineers, Designers, Production Heads, and Purchasing 
Departments of all leading manufacturers of missiles, rockets, aircraft and 
spacecraft, and their related components; Governmental Agencies; Re- 
search Organizations; etc. 


Published Annually by 
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New York 21, N.Y. 
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